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The courses of ETening " Science Lectures for the People," of which the 
Xerbalim reports appear in this little volume, were undertaken wilh the view 
of ascertaining whether the working men of Manchester appreciate the valm of 
scieneo inslruclion given in a plain but scientific form, and illustrated bj 
experiments and diagrams adapted to lai^e audiences. TTie movement has 
^proved highly successfulr Upwi^rds of four thousand persons have attended 
Ihe Ihirteen lectures delivered during the past winter. The.dass of persons 
present was chieHy that for whom the lectures were designed, and the 
marked attention and interest invariably shown by the audiences showed how 
Veenly ihey apprecialea. th^ va^ie of the information imparted by the lectures. 

The subjects of the'conrses were as follows : — 

■Four Lectures on "Elementary Chemi.'itry, " By Professor Roscoe, 



»! 



F.R.S. 

, — Four Lechiies o 

One Lt^ure on 

Morgan, 



. "Elementary Zoology," By Dr, T. Alcock.B 
" Coal," By Professor W. Stanley Jevoi 
"ElcmenUry Physiology." By Dr. John Edward 



The entrance charge of One Penny per lecture defrayed -but a very small 
part of the heavy expCBJi9*ofVdTCjTtisi{|^, ^oTfClioMcmainder has been kindly 
bonie by several geutlemfiri jntq(jj)|d in_Jh?*sftetnii The tlwoks of the 
Lecturers are especially due'lq'SicJPi.tiin'.for his very accurate rworls of 
their words ' ; ■;;„■■'; A I"-'. .' 
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COURSE OF FOUR LECTURES 



ON 



LEMENTARY CHEMISTRY. 



LECTURES I. TO IV. 






By professor ROSCOE, F.R.S., 

hvered in the Carpenters^ Hall^ Brook Street^ MancJuster^ 
October 31, November 7, 14, 21, 1866. 



INDEX. 



LECTURE I. 

Indestructibility of Matter and of Energy 

LECTURE II. 
Chemical Combination 
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LECTURE III. 

Sulphur — Sulphuric Acid — Soda—Soap — Bleaching.. 

LECTURE IV. 
Carbon — Coal — Flame 



FOUR LECTURES 



ELEMENTARY CHEMISTRY. 

LECTURE I. 

NUESTRIflTIBILITY OF MATTER AND OF ENERGTS 

^POBTAN'CK of tlie spread of scieiiiific knanledge amongst the jicoplu. 
^xi^anatioii of wliat happens iihcn a candle burns— The matter of the 
iuvdle is not lost or dcatroyi^il but exists in a different fonii. An 
KUnination of nil chemical changes has shown that m,!/fer is iiuit- 
^met/ilt. Value and use of the Chemical balance to determine the 
int great principle of modem science, that matter can neither be 
reated nor destroyed. Second great principle of the ittdeitriicHbilUy 
^ytfr« Of <«K>S7 only lately Ijecome known— In mechanics nothini; 
nn be done without an equivalent of labour or work — Wheel and 
LkIc — Measure of mechanical force is the weight multiplied into 
he space through which it falls — Meaning of yoo/-/oaHif— Impossibility 
if perpetual motion." In the steam-engine the heat from the coals is 
pnl 10 do the work— Heat only a form of motion — When motion ia 
lopped heat is given out ; experiments to show this. Water boiled 
Ijr friction. A fixed and definite (juantity of heat can be got from n 
Jvcn amount of mechanical force, and i ice versi— The exact mechttuic.il 
^uivalenf of hfat was determined experimentally by Dr. Joule, of 
ituKkc&tcr (1843-49)— He showed (1) that the quantity of heal 
bufned by any mechanical action is directly proportional to the 
It of mechanical force expended (!) that by the fall of 772 lbs, 
a space of one foot heat is always generated sufficient to rai'M 
I lb. of ivafer I degree ValivcuVvtA, 






SssoR RoscoE oil coming forward was 
He (Jclivered his leclure in his happiest style, and made « 
point and illustrative exjKriiuent clear to every pufson presc 
His lecture will necessarily lose some of its force and fn^ho 
ivhen put into matter-of-fact type, but we will endeavour to [ 
serve the facts, as well as the simple language judiciously empio] 
in their exempHfication. 

Mr. Chairman, my friends — (began the Professor) — Encouraj 
by the success of the experiment whicli was tried last sprin{ 
with the endeavour of imparting to you some portion of knt 
ledge of science, and arousing some interest in scientific facts s 
reasonings, I have come again this autumn in the hope that 
may have as successful a series of meetings as we had in i 
previous spring. I have been assisted most kindly by Dr. Alc( 
and Dr. Morgan who have volunteered courses on Nalural Hist< 
and on Physiology. These lectures wili be given at a later peri 

Although it may be necessary in Manchester to speak of i 
advantage of scientific reasoning, of the importance of scient 
investigation, yet on the results of science it is almost neeal 
for me to dwell. Let iis only look at one of the real wonders 
the world lately accomplished— The Adantic Telegraph, H 
important for all of us, for every man and woman in Englandi 
really understand something about the principles by means 
which we are able to talk with our friends in New York! 
might turn to a thousand other important applications of kiK 
ledge in the present day, m which you would find the same into: 
and the same necessityfor a knowledge of the principles of scien 
And these principles are not so abstruse or so difficult but li 
they may be mastered by all who have the will to do it 

I wish to remark with regard to these lectures to begin with 
that they are not intended to Impart to you a full knowledge, 
anything like a full knowledge, of the subjects with which we dt 
I come here to bring betore you some facts in elementary chemist 
and it is mainly for the purpose of interesting you in the slibji 
that I thus come forward. It is not with the view of your Icarni 
so many things in the actual lectures which you may attend he 
but with the view of your gaining interest enough in scienti 
matters to induce you to start and learn for yourselves, or 
Attend some class or other means ol instruction by which y 
may work at the subject. Last spring, I am happy to say, a cli 
nras formed at the close of the lectures, for the study of chemist 

§, upwards of fifty men attended that class, and a very success 
The same thing will be tried this wintci', so ll 




irba wish to attend a class will he 

le' class will meet in the adjoining room of this Hal], on Honday 
evenings at eight o'clock, and the terms will be tivo shillings and 
sixpence for a course of thirteen lessons, extending over a quarter 
of a year. I think there is little doubt that we shLtil be able to 
arrange for classes on other subjects should they be required. 

I shall endeavour in what I have chosen for my subject to-night 
to be as plain as possible. The subject is not an easy or a familiar 
one, bui one which may be understood if you will give me — as I 
am sure you will — your best attention. 

I have undertaken to bring before you this evening, two of the 
most important general principles nhich lie at tiie bottom of all 
science. The first of the.^e great la«s is, that in all ihe changes 
which we sec going on around us, and in aU the changes wiiich we 
can produce upon the materials of the earth which we see, feel, 
and handle, we cannot, whatever we do, either destroy or create 
matter ; Chat material substances can only be changed in their 
properties, that they cannot be destroyed, that, in other words, 
matter is iKdes/n/cOhu. This is the first great principle of modem 
science, and it is this which I wu-h first to miUte plaiu to you by 
explanation and experiment 

J^el us ask ourselves in the first place what liappens when a 
candle bums. Here we have a candle burning. If I allow that 
candle to bum for a few minutes it will burn down to my fingers, 
and Ihe candle as such mil have disappeared. Persons who are 
unacquainted with the great principle of the indestructibility of 
matter might say that here there was an evident loss of matter, for 
Ihe candle does not exist any more. That this is not ihe case I 
am going to sliow you, for when the candle bums the matter of 
(be candle is not lost, btit it only undergoes a change in appear- 
- •K'e, and the matter of the candle exists in this room just as much 
as it did bdbre it was burnt. To prove this, I am going to burn 
this candle in this glass globe, into which 1 will first pour a little 
clear lime-water, which will remain clear until after tlie burning of 
Ibe candle in the globe, when it becomes milky and turbid, show- 
ing that there is something in the air of the globe after burning 
the candle which was not there before. The candle will soon go 
out, but I will remove it before that occurs, in order not to have 
any smoke. The matter in this globe which was not there before 
the candle was burnt in it is the matter of which the candle was 
composed, and which, though it has disappeared from our sight 
existt in reality as much as it did before. 

I can show yoa furdier a striking fact — namely, that if t collect 
nil Aat which is /onned by the burning oJ xVvt caaiV, s>^ \ ■«& 




r yoa, I shall be able to sliow that it actually \fev^ 
than the candle did to begin with, for this simple reason, i 
burning the candle we have obtained a chemical union of the coi 
ponent parts of the candle, with a substance contained in the i 
called axygiTft. I can show you tliis by actujlly collecting t 
things formed when the candle burns, which made the 1iine-w}it 
milky, and which we call carbonic acid and w.itcr. This lii 
sustaining substance, called oxygen, exists in the air all around i 
and wo cannot live or breathe without it ; and it is this oxygi 
uniting with the burning candle that forms carbonic acid a[ 

[Dr. Roscoe burnt a small candle in a glass tube, for the po 
pose of illustrating this fact. The apparatus ivas suspended on 
beam, which was in a state of equipoise before the ignition of & 
candle. As the candle burnt, the flame passed through a tuT 
containing soda, which has the power of taking up the carbon 
acid and water. To make the candle bum, air had to be su(At 
through the tube, which was done by means of a vessel of wati 
at the back of the apparatus. At the close of the experimen 
when the candle was consumed, that end of the beam was coi 
siderably heavier than before, and thus the fact was made plain! 
visible.] 

Thus, j-ou see, that really the candle after burning is heaVK 
than before, that is to say, the materials weigh more, proving th! 
there is no such thing as a loss of matter ; neither can there be 
g£un of matter, for that is e:]«a[Iy impossible ; but we have an ii 
crease of weight, which is altogether due to the union of the con 
ponent parts of the candle with the oxygen of the air, withot 
which no candle cau burn. 

I may show you in another way, that when a body bums 
is not lost Here, for instance, is some of that most beautifi 
metal called magnesium. Jf I set fire to it, it will bum with 
brilliant light, but here you see a white solid, magnesia, is prr 
duced by the unioii of metal with oxygen. This substance i 
formed by the union of the magnesium wuh the oxygen of the at) 
and there is no loss of matter when it is burnt. 

Take this fact away with you, and try to master it, that there i 
no such thing in nature as a loss of matter. 

I will show two other rather striking examples to prove the sam 
thing. In the first place, I will show the combustion or a sui: 
stance called phosphorus. The result is that a while body is pre 
duced, something like the result of the combustion of magnesium 
Ihe result of a chemical union of phosphorus with tlie oxygen. 1 
~ ircrc lo n-dgh [fit's pjio^pliovu'; ami Ht^ i.'sve«;t\, wi should fii« 




tlie siitstanccif 



■Rise white fuiwca weighed exsclly as niiidi n 
Kfore they were burnt. 
Q&ill show this in one more instance. Yoii miiy tliiiik that if 
exploded some gunpowder, that there, at any rate, wc seem »o 
have a loss of matter. The powder flashes away, and wc see 
nothing remaining excepting a small quantity of smoke. Now, I 
will explode some powder here, and show that there is really somC' 
thing foraied which was not there before, and that there has licen 
no loss of matter. [The experiment resembled that with the candle 
and the lime-water.] 

Now it is not by merely observing facts of this kind that the chc- 
misE has come to this conclusion ; it is by making a great number of 
most Accurate experiments, by means of what is termed a Cheraicai 
Balance, and by actually weighing everything whenever a chemical 
change occurs. In this w&y he has found that there is no sucli 
Ihiag as a loss of matter, but that maUer is indfsirticHblt. This has 
not lieen knoi\fn for any great length of time. If you were to have 
asked anybody one hundred years ago, what became of a caudle 
when it was burnt, no man living could have told you. It was 
thought that the candle was destroyed and lost. The man who 
first proved the indestructibility of matter by experiment and by 
tMiog a balance was a Frenchman, named Lavoisier. I will now 
show you iii*! picture in order that you may remember his name, 
iad I will also show you a picture of the chemical balance, which 
is nothing but an accurate pair of scales, which weigh so accurately 
that a speck of dust is sufficient to turn the scale, and we there- 
lore take care to shut it up inside a glass ease. This is one of the 
iB09t important instruments which the chemist has to use. and it is 
by the means of it that we have ascertained the truth of this grraC 
principle. I„ivoisier, whose picture you now sec, had an unfortu- 
nate end. He was guillotined at the time of the French revolution ; 
jKHne say because he was n scientific man, and others becau^ic he 
(btmerly had held the office of Farmer-general under the king. 

We next pass on to the second part of our subject which is more 
difEcult, but which I nevertheless hope to make plain to you. It 
it the tecond great principle in science, only ascertained within 
Uk last few years, namely, that just as matlfr is indestructible, so 
Aim7 or f.'rce is indtstrudible. This requires a great deal of 
.tfunking about, ard I want to Iry and make it plain tiycxperimeat 
Alt tn:!! as explanalion. If 1 rai^e my hand and hit a man so fts to 
'Uiock him down, you would say there was a distinct creation of 
ftlve. Tliis is, h'lwever, nut llie case. This is no more a cceatiotv 
tf 'fti«» xhaii tbav is a creation of nialli;T vv\\en n. '^'^^. ©««*. 



ivttl perHsps not fully undenland tliM tt t 
c ihe subjeci plain. I niiir.t I'efiin at the btfilnniiig, so thu 
; first turn our altcmion to mechanical matters to sec how 
energy or force in muchanics. Vou will all admit, espedi 
who are of a mechanical turn, that in order to cfFccl J 
Kc must expend a certain amount of force. We cannot 
nut of nothing. For instance, let ns take the coam 
:hanical powers. You will perhaps say that hy the aid u 
you can lift a ton hy the action of your muscles, by wh 
:ly and unaided yon would not be able to lift more it 
_ is,, and in this way you may think there is a direct creati 
of force. This is however not the case, and I will endcavout 
explain it. Supposing we take a wheel and axle, which IB one 
the common forms of the mechanical powers. You know that 
this ariangement we can raise a large weight by means of a sa 
one ; that is, one pound on the wheel will lift for instance tw« 
pounds on the axle. You will see that we elevate twelve poui 
with one ])ound, but you will at once observe thai in order tors 
ihc twelve pounds one mch, I must move the small weight tw* 
inches ; so that in reality we do not guin tmy force by using so 
a mnchine, because in order to raise the twelve pound weij 
tlirough one inch we have to raise the one pound weight throq 
twelve inches. And thus we come to gel a measure of mecha 
cal force — namely, the weight raised multiplied by the spa 
tlirough which it is raised, and if we do this in the example 
ijuesiion we find that in both cases we get the same result, natni 
twelve. This product of the weight raised into the distan 
through which it is raised is called the " labouring force." Hen 
^e see that by no mechanical aiTangement can we gain fore 
(bat we gain in one way we must expend in some other way ; ai 
It wc expend we shall in some other way gain. Otherwise 
lid be possible to obtain force out of nothing, to get what 
oed " perpetual motion," a thing that will go without any « 
iditure of force, an idea which has long been given up : 
ludicrous. For years people have known that it is impossible 1 
any mere mechanical means to get force without a correspondb 
expenditure of labour. In all llie various machines you use, it 
only a tiansference of force. Hundreds of examples will sugge 
ihemsstves, particularly to those who are accustomed to workwil 
machinery. 

Let us now look at the case of the steam engine. How is i 
force generated ? The piston is driven backwards and forwards i 
/Aff cf-J/nder by the steam, and after eacVi sttols.e q£ \hft ^utoti th 
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4s Condensed and relumed again to ihe boiler. Very iwH, 
have got the water back into tlie boiler after the per- 
iceof a certain amount oi labour by the piston, which seems 
,. e done its work witliout having expended anytliing. What 
tfiat is expended, and does the work in Ihe steam-engine i 
'ut you will be able to answer this question, Ii is the /itai 
1 is expended, i]ie heat which is derived from tiie coals under 
ioiler, that gives us the force ; and you know that without 
continually shovelling in the coals your engine will very soon stop. 
Now, let us look at this question of heat a little more closclj-. 
AlTiat is heat? This is a point to which I wish you 16 pny especial 
Ditention. I want to show you that heal is nothing more than 
juiolher form of motion, that heat is, in fact, the motion of the 
Email pieces of which matter is made up; and I want you to un- 
derstand that in order to get a certain amount of mechaiiicai force, 
we must use a certain amount of heat. The more heat, tjic more 
mechanical force. If you have a steam-engine with only a small 
fire you will only get the steam up to perhaps a seven pounds' 
pressure ; if you have a large fire you may get it up to fourteen or 
a hitndred pounds, and you will work your engine proportionately 
quidcer, the more heat you have. Heat, I say, is only a mode ct 
motion. We can transfer heat into motion, as shoii-n in the steam- 
engine. What is the railway train rushing along from Manchester 
to London but the heat of the coals transformed into the motion 
of the train, taking you to London in four- and -a-half hours. It is 
almost useless for me to show }'0U an engine working. Anybody 
who lives in Manchester cannot help seeing engines working, and 
therefore they cannot help knowing that an engine is nothing but 
a cnachme for the conversion of heat into mechanical motion, I 
will show you a little toy which we have rigged up just to indicate 
this. Here we have the heat of two spirit lampsfor heating ihe water 
In It Bask which is our boiler. This is the oldest form of steam- 
engine, and OS you see it spinning round you will remember tliat it 
it called Hero's engine, from the name of a philosopher who lived 
tnAlexandria, J don't know how many years ago. Here, then, wc have 
another illustration in proof of the fact that heat can be converted 
into motion, proi-ing to you at the same lime that the commonest 
dUngs of life may teach us important lessons. Nothing Is imirn- 
pOttanl in science, and the most chiJtIish thin.; has often taught 8 
HKon to the greatest philosopher. 

Next let us take the proposition tlie other way about, and con* 
Ma how we can convert motion into heat. Vou will all of you J 
tUnk of tomi:thmg by which motion is comerttd mo Vta.\. NSt* 




ipt a very childish experiment which, I dare ! 
tchoolboys have tried — namely, rubbing a button on a fonS 
yba do that, what happens ? Why, it gets hot, and if I apply 
a bit of phosphorus, you perceive it sets it at once on fire. 

take one other example. I suppose you have all h 
tlieifeat «iiich I believe shows whether a man is a good bl 
"i3t is hammering a piece of cold iron unl 
les red hot. I believe it can be done. 1 am not gaini 
It now, for I am not a good blacksmith, nor ha\e 1 a ham 
vyeooufih, ImE I will hammer a piece of iron until it is so 
it wHli^iie a piece of phosphorus. There you see 
lOfiphorus bums, and here we have another illustration of 
con\«rsion of mechanical force into heat. 

Again ; wherever we stop mechanical motion, we alvays 
heat. Wliat do we see on the railway train ? Why, a man ca 
ing a box of grease to grease the wheels. What for? Becaust 
want to get to London in four-and-a-half hours, and dou't v 
(he heat of the coals to come out again in the axles. We w 
the heal of the coals converted into motion, not inlo heat If 
stop that mechanical motion by putting on llie breaks, we 
heat evolved and often smoke and fire. I dare say you have 
heard of the firing experiments at Shoeburyness, where they 
6Do-pounders at great armour targets, costing, I don't know I 
much, and for which we shall have to pay ; and if it teaches 
something, perhaps the money will be well spent. One lesson 
may learn from ihem is this, that the steel shot which is perfe< 
Id when flying through the air, gets burning hot by strikii^ 
Sir William Fairbairn tells us that he has actually scei 
■ing to the great heat evolved the moment that sitdt 
rtion of the shot is stopped by striking the target. 
I may show you a few more cases of turning motion into hs 
I have not the means of firing a six hundred pounder in t 
room, nor would such an experiment be pleasant for you or mysi 
I cannot therefore show you a red-hot shot, but 1 can exempl 
the result of a simple stoppage of motion. I have here an ir 
ball, and I am going to make it strike, not against a target costi 
thousands of pounds, but simply against an iron weight, up 
which I have put some phosphorus, and the slight increase 
temperature from striking the weight is sufficient to ignite t. 
phosphorus. Whenever ive clap or rub our hands, heat is evolve 
and if 1 were to cover or rub my hands with phosphorus, eve 
le I clapped my hands there would be an ignition of tl 



ive two other illustrations of tlie conversion of motion into 
■beat. You all know I dare say of ihe old pl.in of getliiig a light in 
countries where lucifer raatchts are 'inknown, namely, by 
rubbing two sticks together. The Indians adopt tliis plan of con- 
verting the mechanical motion of their hands into heat. I am not 
going to set wood on fire, but I have here a common fiddle-bow, 
And by working it forcibly between two pieces of wood, yon see 
that I get some smoke. It is rather hard work to convert the 
mechanical motion of your arm into heat. 

Some years ago there lived a very intelligent man of ihe name 
of Count Riimford, who was once busily employed in Munich, in 
Bavaria, boring some cannon by means of horse-power, and he 
found that the cannon got very hot. He put some water into the 
cannon, and observed the temperature of it, and he describes very 
uikively in his writings how the water got hotter and hottd, and 
how at !asl, I think it was in 35 minutes, the water actually boiled ; 
and he was very much astonished at the water boiling. He said, 
«4iere can the heat come from by means of which the water is 
made to boil i* and he rightly concluded that it really was the 
mechanical energy of the horse which was converted into heat 
■fbat was some years ago. Now I can boil water for you here 
instead of in 35 minutes in 35 seconds, by simply convening the 
mechanical force of a man's arm into heat. I have the means ol 
turning round this tube quickly, and I put a thimbleful of water 
in the tube. You will be able to see that the water boils, because 
1 will cork it op and make it blow the cork out. The motion has 
lo be very quick, and tliere you have water boiled by friction. 

I have still one other experiment to show how heat may be got 
ffom mechaniual force. 1 have here a beautiful raagneto-eleciric 
machine, kindly lent to me by the inventor, Mr. Wilde, of Maii- 
(diester, and by the action of my arm I shall be able to melt this 
piece of iron wire. 

The question would naturally arise, can we get from the motion 
my arm any amount of heat, or do we always get the snme 
BiDOunt of heal ? In other words, do we by the expenditure of a 
[iven amount of mechanical force always get a given amount cf 
»t? Now this is a question that requires experiment for i;E 
dotion ; we must ask a question of Nature by experiment, and f 
9 question is rig'idy put, we need not fear but that the answer 
31 be true and exact. 

The experiments which decided this quesrion are some of the 
DSt important ever made in science, and that is saying a great 
al ; and we in Manchester of:;ht to be ij^ouA (A x\\« \5i.'a. "ioaJ. 



^^H Dr. Joiili 
^^Hpta n Chester, 
^^^fcying a boil I 



e Mtperiments were tnaiie by a Manchester r 

^ . Joule IS far better known on the continent than it i 

[anchester, as very often happens, in accordance with ihe 
laying about prophets.* Dr. joule set himself, so long ago as 
year 1843,10 (fetermitie this question experi menially- — to get to kj 
whether the heat evolved is or is not a definite amount ; and i 
is, as we should probably expect it would be from the deli 
character of the laws of nature, then how much lieal can we 
from a given amount of mechanical force ; or, to put it Ihe ol 
wny, how much mechanical nioiion do we need to expend in 01 
to get a certain quantity of heat ? Now this question ie 
important that we cannot at first understand its importance- 
mean that it BO implicates all modem science, because what is I 
of these two things is tmeof every other form of energy, whetht 
be electricity or chemical action, or those actions known ai vi 
Dr. Joule made a series of ejcperiments extending over mi 
years, surrounded by such great diffictilties as are only knowi 
those well acquainted with such investigations, and his ntuiK 
therefore connected with the indestructibility of energy, as tbi 
Lavoisier is with the indestructibility of matter. What did 
Joule do ? He determined the amount of heat which was gun 
when a certain definite amoi.nt of mechanical motion was ui 
Different persons would turn this handle at different spee<b, i 
we must therefore measure it more accurately. This was done 
means of a weight falling. Our measure of labouring force is, a 
have said, a weight falling through a given space, multiplied by 
space through which that-weight has fallen. In this way Dr. Jo 
determined how much heat is given off when a given amount 
mechanical force is expended. Yoti will see a drawing below 
the apparatus he used. I will show it on the screen. 

[Professor Roscoe described the a])panitus, which would not 
readily understood without the aid o£ diagrams,] 

Dr. Joule worked out the details of his experiments, thou 
people did not understand what he was doing, and even now e 
scarcely appreciate the value of his labours, and ascertained w 
great care this important fact — that the quantity of heat produc 
by the friction of bodies, whether solid or liquid, is proportional 
the force expended ; that is, it you rub anything twice as ha' 
you get twice the heat. He thus detennined tliis number, whi 






The higiiest honour whEch the Royal Society can bestow I1.11 at lenj 
BwardHl 10 Dr. Joule for these researches. He has received the Cop! 
' At the year 1S70 [H. E. K., Feb. \%^i\ 



ted the mechanical equivalent of heat This tells us that if a 
weight of 772lbs. falls through a space of one foot, the amount oi 
heat generated by that force is able to raise a pound of water 
through one degree of Falirenheii's thermometer. 
*Let us dien try to bear in mind these two ideas of the inde- 
structibility of matter, and the indestructibility of force or energy, 
associated with the names of Lavoisier and Joule. If we recollect 
Ihese two great principles of science, we shall get on very well in 
future. I will, in conclusion, illustrate the meaning and value of 
this principle by the steam-engine and a pomid of coal. Just as 
we can determine what the amount of heat is which a certain 
amount of mechanical force will generate, so we can calculate what 
mechanical force can be gejierated by a certain amount of heat. 
This we can do simply from these numbers of Dr. Joule. "Ws 
fcnow the amount of heat evolved when this pound of coal bums. 
If we then calculate how much mechanical force can be generated 
l^ burning it, jou will be perfectly astounded at the result. Put 
this pound of coal on the fire, and it will do a certain amount of 
work, and a certain number of pounds of coal will take you to 
TjAndon, How much force do you think there is pent up in this 
piaund of coal ? Let us look at it in this way. Supposing this 
tnn & spring, and I let it out at once, how high would it jump 
ap? Why, it would spring lo the height of 3,000 miles ! The heat 
HTllch is capable of being evolved by this amount of coal bum.ne 
irotild raise a weight of too lbs. twenty mites high. That is W.iat 
Ills pound of coal would do. 
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LECTURE II. 
CHEMICAL COMBINATION. 

A.LL substances divided by the chemist into Elementary i 

Compound. Elements cannot be decomposed. Compound consf 

of two or more elements. List of most important elements. WAT 

is a compound of two gases, Oxygen and Hydrogen. If we thro' 

piece of the metal Potassium into water, the water is decomposed ; 

Oxygen combines with the Potassium, and the Hydrogen is set fi 

and burns. Sixteen parts by weight of Oxygen unite with two parts 

weight of Hydrogen to form eighteen parts of water. Oxygen is i 

teen times as heavy as Hydrogen : two volumes of Hydrogen comb 

with one volume of Oxygen to form two volumes of water-gas 

Symbol HgO. Oxygen and Hydrogen, mixed in the above prop 

tions, explode violently when a li^^ht is brought to them. The hi 

evolved by these gases when they combine is enormous — shown 

Oxy-hydrogen Blowpipe. Iron burns in this flame like tinder — Wh 

eight pounds of Oxygen combine with one pound of Hydrogen to fo] 

nine pounds of water, so much heat is evolved that when it is turn 

into mechanical action (see Lecture i) it is able to raise twenty-o 

thousand tons one foot high. The same amount of force is needed 

be expended in order to decompose the water — Water decomposed \ 

the force of the human arm, by electrical and by chemical force 

Ice, water, and steam, or water-gas — Glaciers and Icebergs — Pu 

water — Rain water— Spring Water — Impurities in water — Necessity 

care in the choice of drinking-waier— Cholera and. impure water- 

Mancbestcr Town's wKter. 
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e conclusion of our la^t lecture, the Chairman toM you a. 
Stoty about Mr. Stephenson, to tlie cflect tliat George Steplienson, 
(irben looking at the flame of a candle, said, " that light and that 
beat which the candle gives ofl^ are really the heat and light of ih^ 
(an, which shone ages ago.'' Now that is true; but it is rather a 
Jiflicuit thing to understand, ll is rather difficult to understand 
dist we are here being illuminated by sun-light ; we usually call it 
Manchester gas-light ; but nei-eriheless it is sun-light and h< ' 
|ba( shone perhaps millions of years ago. I will tell you anoti 
Hory of Geoi^e Stephenson, which may help us to understand f 
Irst one. George Stephenson and a friend were once looki 
)t a train which was rushing along ; the trains in those days were' 
jot so common as they are now : and George asked his friend 
ifhat he thought propelled or drove the train along. His friend 
taswered, "Probably the ann of some stiilwart, north-country 
Irivcr." " No," said Geotge, " It is the heat and light of the sun 
thich shone millions of years ago, which has been bottled up in 
jfie coal all this lime, and is now driving that train." What did he 
hean ? Can we get an idea whether that extraordinary statement 
llrae— that it is really the heat and hght of the sun which is 
Kyin^ the train ? I want to try and make that plain to you. 
Wb&t IS the coal that we put under the steam-engine ? I described 
D you last Wednesday the amount of heat and mechanical motion 
fhich we get from a pound of coal. 1 told you that a pound of 
bal) if we could convert the whole of the heat wJiich it is capable 
f producing into mechanical power, would jump up two thousand 
■iW higli. Now where did that coal come from ? What has that 
BbI been ? These are questions which we all may ask ourselves. 
nie coal really was at one time a living plant ; the coal, or the 
DDStituents of the coal, composed a living plant tliat grew in tlie 
ngbt sun-shine on the surface of this earth, not buried as it is 
L>W, below a thousand feet of rock, but living in and enjoying tlic 
ight sunshine, as the trees iiow-a-days do when the sun shines 
le. Well, how did these coal plants grow? They grew, a: 
Ifxts only can grow, by the sunshine. If we take away the i 
ine, plants cannot flourish. You cannot grow plants in a ce 
Ipyuse there is no sunshine. Put plants in a windoiv, and 
iW they creep up to the li^^li* ; that is because the hghl 
(^y necessary for their growth; they cannot grow without 
njght So our coal plants could not grow without the sun. 
enember it is the sun-light which enables it to take its ft 
i^^, the carbon, from the air by decomposing tlic carbonic i 
^ Ihe air contains. This it can only do hv ^« V\e\v vS 
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fun-H^Tit. Now a certain definite amount 
must shine upon the plant bt;lbru it can gala 
weight ; befure one pound of the stem, tti leaf, or branch ot 
plant can be formed. A cerlaia definite amount of force, as I 
and heat, must shine upon the pla.it, and be used up in rlecon p ) 
ibc carbonic acid of the air. What happens if we bum s pll 
Why that definite amount of force as light and heat comes 
again, and we get absolutely the same amount of heat out ( 
piece of coal when burnt as was necessarily used up years ag 
order that that coal should be formed. Now I hope tba.t you 
able to get some idea of the truth of that statement of Go 
Stephenson's, that the light and the beat of the sun which shon 
many years ago, and was used up in the growth of the pkot 
Iain hidden in the cral until it is burnt, wlien it again comes 
and is rendered visible. It does not matter whethi^r we bum 
coal or the candle or tlie gas, for they are all the same thing- 
were produced by tlie heat and light of the sun, and now W 
they return to their original form of carbonic acid, they give 
exactly the same amount of force as light and heat as was origic 
needed to make them. 

Let us now ask ourselves, " How do av live, each one of 
on this earth ? " What is it that keeps ns alive ? Certainly, i 
the food we eat. We, like the steam-engine, need fuel, iho 
not coal, to be poured into us, in order tljat we may be abU 
live and act and move, to use our muscles and effect mechra 
work. We must eat, and it is by the burning of this food ift. 
bodies that we are enabled lo exert mechanical force YoHt 
ly, " It is a curious thing if we men are like candles, 1 
are actually undergobg combustion, that we are actu 
ning." Yet, nevertheless, such is the facL I showed yen 
ic former lecture what happened when a candle was burnt 
showed you that carbonic acid was formed, as was shown by 
lime-water becoming milky j and now, if I show you the bnni 
of a bit of charcoal in oxygen, you will see that the same th 
goes on as when the candle, was burnt. [Professor Roscoe set 
to a bit of cliarcoal in a glass glolie filled with oxygen, and 
result was a sparkU'ii^ and very pretty example of combustic 
The same kind of acuon, as far as the chemistry of it is concern 
goes on inside our bodies. You may say, " We don't burn." I 
true you do not see the same sparkling, but every person is hoi 
tKan the surrounding atmosphere, and the action which goes oi 
\Ji the same kind; it is a combmation of the carbon of the fc 
the hoAy with the oxygen of the air, when carbonic acid 
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.. part of which in irai friid animals is comerted m'o heW," 

i put into mechanical moiiun. Part of the dinoer which 1 ate 

i very long ago is now being converted hito mus:n!ar force, 

enabhng me to laik to you in this large room ; and therefore I am 

fc actually converting he»t imo meihitilcal action, just exactly 

the steam-CDgine does when it takes you to London. Every 

animal really acts ui a similar manner to a steam-engine, but man • 

fs a much more perfect instrument than the steam-engine, and a 

man can get more mei:hanical force out of himself for the amount 

of food he consumes, and the amount of heat evolved by the 

consumption of that food than is possible in the case of the sti-am* 

Engine. 'Iliat 1 am really producing the same substance prodnced 

lerc by the burning of the charcoal, I can easily show you by a 

limple experiment. If I take tliis clear time-water and blow into 

it, you will see it becomes milky. [Experiment] Very well, I 

(lave blown enough air into the lime-water from my lungs to show 

Ihat it is quite white. So that really an animal does the same 

thing as a machine, it converts heat into mechauical action. 

You will now ask, I expect — " Whence do we derive this source 

power?" We derive it immediately from our food. If we 

«e not to eat we should not be able to effect this mechanical 

utiiHi i we should starve, become cold, and die. But let us ask 

ouraelves, "Where does this store of energy in our food come 

Brom ? " It comes ultin»iely from ihe sun, because we eat either 

.nimal food or vegetable food ; we derive from that food tJie force 

rhich we need, and that food derives its pent-up energy from the 

un, because no animals can live without vegetables ; and in the 

eoood place, because no vegetables can live without the sun. It 

K rite sun-light which keeps the vegetables alive, and it is by the 

tructioa of vegetables that animals live. This is a subject 

ch requires a great deal of thought, and probably more exjilaua- 

tVl Ulan I can possibly give this evening. It is a matter which 1 

i|{f^t Ulk about tlirough all the four lectures, instead of a ]jart ol 

Bie leciirc, and very likely with a great deal of profit, but I 

OUU not help revertiug, however brielly, to tliis subject, beoailse 

bUowa from what we said last lime. So much then for the 

MUX of energy in animals and plants. Remember we arc all 

bildTea of tlie sun. If the sun had uever shone, we, as we are 

nr> could never liave lived. (Ajipkusc.) 

1 am DOW going to tell you what chemistry teaches us about one 

'fbf commonest substances in nature, namely n<ir/(r. Theobjecr 

' lb« chemist is to find out all the properties of the substancei 

icui gel hold of; it docs not m;ittcr wlicthcT Vl\« wi\i«i\5MiKt tiSa 



t« 

a as a meteorite, perhaps from the tnooii, or whefl , _^ 

stance is got from the deepest mine; wherever got, the chem:st's i 
business is to c-tamine it by experiment. Now in examining sui>-(' 
stances a chemist has to divide th;m into tn-o classes — those from 
wliich he has been unable to get anything else, and those out of | 
wliich he can get something else. These two classes of substances , 
have been called by the chemist EUr.itiitary or simple substances, ., 
and diiapowid substances. 
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(non-mei 
Oxygen 
Hydrogen 
Nitrogen 
Carbon 
Silicon 
Chlorine 
Sulphur 
Phosphoru 
Now water 
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Lead 
Copper 
Iron 

Alumhiium 
Calcium 
Magnesium 
Potassium 
Sodium 
s long supposed to be an elementary substance ; 
nobody thought that out of water they could get anything e!se but 
water; and in fact it was called one of the four elements. Fire, 
earth, air, and water were supposed to be the four elemenls by the 
ancients. That idea, however, has been entirely upset by chemists, 
who investigated this matter in an exact liianner, and they found 
that water is really not an element, but is composed of two stib- 
stances, which we term " gases," two substances like the air which 
surrounds us— invisible, colourless gases. 

Let us begin at the beginning. Here I have got s small piece 
of meial termed potassium. Now this metal poiassiuja will help 
us to answer the question — of what is water composed ? If I 
throw a little bit of this metal into this basinful of water, you will 
see at once that a change takes place ; that is to say, the metal 
swims about on the water, for it is lighter than water, and we have 
at once a fiame , in fact, we can set the water on fire ! Now what 
is it that goes on here ? It is a very strange thing that throwing; 
this on the water should produce this flame, and that the metal' 
should swim about in this way. What is it that happens ? I will 
tell you first what happens, and then I will prove to you that it is' 
so. The water has been decomposed or split up into its two con- 
srituent parts, into the substances which on the one hand we call 
g^Bgw— about w hich we had to talk a good deai last time — and' 
■■^■^^' ' '^*^nce which we call Hydrogen. It is this hydrogen 
■micallv combined, form water. Now 
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I is what ytni sec burning; tl'al flame vt 
p of the water is due to this hydrogen, whilst 
_ nientpartoflhe water has united chemically with that meial to 
^^^ a substance called "potash," which is a compound of oxygen 
tntk that metal potassium. I will show you that that is the case ; 
and I will do it in a diflereiit way. I shall be able, I think, here to 
collect some of this hydrogen. Instead of allowing it to bum, I 
will catch it in a glass tube. You will then be able to see what sort 
of a thing this hydrogen is. I am going to plunge this metal under 
the water, and then we shall be able to catch the hydrogen. It 
cannot burn now, when I catch it in the tube, because it only 
lakes fire when it comes into contact with the air. We have got 
half a tube full ; that will be enough. We will now take it out, 
and wc shall see that it is a gas that will burn when we bring a 
light to'it [The gas ignited, and burnt with a yellow flame-] 
That gas, then, is one of the component parts of water, and is 
called hydrogen gas. 

We can in many other ways split up water ; we can split it up, 
for instance, by electricit}-. I have got here an electric battery, 
and I cau by means of the current of electricity split up this water. 
I have here two little tubes, and I have coloured the water blue 
in order that you may see it better, I am now going to pass a 
dUTcnt of electricity through the water— the same kind of current 
exactly as that by which we send messages by the electric tele- 
graph to our friends in New Vorfe, You will see that I can in 
ibis way collect the gases in these two tubes — in one I collect the 
hydrogen and in the other the oxygen. The electricity, as il were, 
tears asunder the particles of water into these two substances of 
which it is composed. The moinent I join the wires and make 
the connection, that moment the bubbles of gas begin to rise. 
YoQ see how beautifully we can show in this way the compound 
nature of water; how we can, as it were, boil it, and resolve it 
it into its component parts. It requires a great deal of force to do 
thil i we cannot do it by muscular force alone ; but I will trj- pre- 
MOlly if I can tear the particles asunder with my hand, by the aid 
tf Sir. Wilde's magneto-eiectric machine, by which I melted a 
[lien of wire at our first lecture. But let us see, first, what we have 
■*'" * :. You will see that one of these tubes is quite full, whilst 
;r is only half full. This is a very important fact for you 
mber. Here we find we have got twice as large a volume 
i we have of the other. \Vhich is this gas of which 
! largest volume ? Let us examine it ; let us ask 
is question, and find out which of tlie Iwo tt\a. ViAva 



try whether it is oxygen or hydrogen, for it is surely one or flft 
other. If it is hydrogen it will take fire and burn ; if il is oxygen 
it will not take fire and burn. [A light was applied to the hydrogen 
tube, when it took fire] Let us now try whether this is oxygen. 
You will remember the test we used for oxygen last time ; it was 
that it re-kindled a bit of wood. Now here we have a taper which 
can be reljindled I dare say, if I blow it out and leave die wide 
red hot [The taper was re-kindled more than ooce.l This demon- 
strates a roost important fact ; a fact so important that I have put 
it on the syllabus of the letture for you to remember, namely, 
dial two volumes of hydrogen combine with one of oxygen to 
form two volumes of water gas, or two volumes of steam. I 
cannot, I am sorry to say, show you that it forms two volumes of 
steam, that is too difficult an experiment to perform here, but you 
have seen that w.iter contains one volume of oxyptn and two of 
hydrogen. I will now try to show you the same thing on the 
screen by help of the lantern. 

[Professor Roscoe succeeded perfectly in this demonstration, 
the bubbles of gas being distinctly seen bubbling apparently down- 
wards oil the canvas screen, and the current ceased when the 
connection of the wires was broken. The gas really bubbles 
upwards, being lighter than water, but in the image they appeared 
reversed. The electric wires were next attached to the Wilde's 
magneto-electric machine, and the same effect was produced in 
separating the oxygen and hydrogen, by means of the current of 1 
electricity, obtained when the handle of the machine was turned.] 

Professor Roscoe proceeded to explain that Just as in the 
burning of coal, we gel the liglit and lieat of the sun given off, so, 
he added, when I bum die oxygen, and hydrogen again, or when 
I bring the mixture near to a light, that moment I get heat evolved, 
Now that heat is very tremendous, The heat evolved by the 
ojygen and hydrogen when they combine, is so great that it is 
almost more intense than we can produce by any other means. 
I wiil show you how great that heat is, so great tliat I can bum 
very readily a bit of steel watch spring. And you know that whea 
we have heat it would be easy to get from it mechanical action, 
1 have here a small jet of hydroijen gas burning, and I am goin^ 
to bring the oxygen to it. The purest water is here being 
produced by the chemical union of hydrogen and oxygen, and in 
that action such an enormous amount of heat is given off, that we 
can burn a piece of steel watch spring like tinder ! [The steel was 
consumed in a few seconds in a brilliant shower of sparks.] That 
shows the enormous amoimt of heat given off. But I will show it 



_ u fn another way. 1 am licre separating water into its two 
constiltKnit part-9, and colleeling the oxygen and hydrogen together 
in a email glasi globe; just domg what you saw done on the 
screeD. This is a very dangerous mixture. Nobody should mix 
hydrogen and oxygen in the proportion in which they exist in 
water in large vessels, because it is one of the most explosive 
mbstances we know. The explosion of this little bulb full will 
make b good deal of noise. Many Uvea have been lost from 
persons incautiously using this mixture. We have got our little 
bulb quite full now, so we will cork it up, and place two liltle 
wires inside to convey the electric spark, and then hnvg it up on 
this eord. I am now going to heat these two gases so that they 
may combine together, and so rapid is the electric flash that 
instantly I pronounce "three" and turn that handle, yon will hear 
Ihe explosion. You are aware that electricity passes so rapidly 
Hiat it takes but the fraction of a second for a message to flash 
from England to America. [The explosion was loud and shattered 
the glass into a thousand pieces.] This is to show you the 
Eonnense amount of force which is generated when hydrogen and 
oxygen are united, and therefore the immense amount of force 
which is needed to sejiarate them. You may ask what is the 
mnuuni of heat here evoh-cd ? Now I can tell you that, for it has 
bctn determined, and it is such an important point that I have 
had it printed on the syllabus. A certain definite amount of heat 
W evolved when Slbs. of oxygen are combined with lib, of 
hydrogen, for that is the proportion iy weiglu in whieli they 
combine. From water we get two cubic inches of hydrogen to 
one cubic inch of oxygen ; but oxygen is sixteen times as heavy 
tt hydrogen ; and therefore when we weigh water, nine pounds 
are made up of eight of oxygen and one of hydrogen. Now if we 
bum eight pounds by weight of oxygen with one pound by weight 
irf hydrogen, forming nine pounds of water, the heat evolved is so 
mid) that when it is turned into mechanical action (how heat can 
tic turned into mechanical action, I tried to make plain to you on 
a fonner occasion), the heat is sudicient to raise 11,000 tons one 
Jbot high \ I'hat is the measure of mechanical force of weight 
laiM^d fIiroLi[;h a given space. Hence you perceive what a 

.iniount oi force is generated by this combination of 

.\drogen. 

■vn you now how we decompose ivater, and how we 
hi: elements of water, and also that when hydrogen 

. absolutely pure water, 

iL' !tw minutes that are \efl, 1 wW sVo-n 'jWi asui- \^ 
■ -^ jUh({ waier. \ Miptwaa y«a. (^'^KHr«»-4Nl)ti 
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an exist ia three diflerent forms ; It can exist as solid ice, i 
exist as liquid water, and it can exist as gaseous or vapoanie 
5tearn. Here in England we have not the opportunity, except ii 
winter, of seeing ice in the sohd form. Many persons have neve 
seen ice in a solid form — those who live in tropical countries 
But there are certain countries, not far from here, which can bi 
reached in a day or two by the help of the steam-engine, when 
during the whole of the summer splendid examples of solid wate 
may l.e seen, for instance in Switzerland, where there are snowt 
mountains with enormous masses of ice, termed glaciers. We maj 
also see these masses of ice in Norway and other countries. Ii 
order that you may get an idea of what a glacier is like. I hav« 
got some beautiful photographs (kindly lent me by Mr, Dancer), 
which I will throw upon the screen. I will first show you a 
waterfall, one of those beauties of nature in which we have liquid 
waters. And then some of those wonderful masses of ice called 
glacier^. 

Almost all the water found running on the earth's surface is 
more or less impure, and it is one part of the business of the 
chemist to tell us when water is impure, and also how to purify it 
The best way to purify water is to distil it, though this cannot be 
done of course on a very large scale. For instance, here is some 
water which I have coloured blue, and by boiling it with a spirit- 
lamp, I shall get a. colourless water dropping down this glass tube, 
and what remains will be impure water. This is the process which 
goes on in nature, and by which we get rain water ; and if we 
collect the rain water in the country (not in Manchester), it is the 
purest of water you can get, because it has been purified by the 
gredt natm'al process of distillation, by which the water is carried 
up from the ocean into the air, through the agency of the sun, 
purified and precipitated again in the form of rain or snow, such 
as you saw on those beautiful mountains. In one or other of 
those forms water is constantly falling upon the earth, and every 
drop of running water, whether dirty as in the Irwell, or clear as 
in the Swiss streams, has been, in the form of rain, drawn from the 
ocean, condensed, and has fallen down again upon the earth in the 
form of rain water. When it has flowed a certain distance over 
the earth it becomes more or less impure, according to the nature 
of the ground over which it flows. If there are large towns near 
where it falls, or print-works, or dye-works, as in Manchester, 
so much the worse for the purity of die water. 
It is a matter of the greatest consequence for every class of 
persons to be careful as to the -water ftiey drinV.. \V«, who Hve in 
^fyncbester, cannot be too thankful tVl rXwse wVk) vk»4«rta!wtV 




ftfter these matters for us — that is the corporatioR — have 
eiv«Q us such a first-rate supply of water, for there is no city in 
England supplied with more wholesome water than Manchester. 
Now, Ihis is a matter of vital consequence to every one of us ; 
and this becomes more e\'ideiit the older we grow, and ihe more 
progress we make in acieutific kniiwledge. We have had lately a 
visitation of the cholera in England, and there have been two or 
three other visitations wiUiin our memory. The cholera appears 
to always come from the east, V,'e know very little about it, but 
we are gradually getting to know more. There is, however, one 
thing which appears to be known with certainty about the cholera, 
and it is this, that it is brought on to a great extent, if not 
altogether, by drinking unwholesome water. This has been found 
lo be the case not only in England but on the Continent ; and 
wherever proper scientific investigations of the progress of the 
4isease have been made, it has been almost invariably found Ih.ii 
the cholera may be caused by drinking impure water. 

AVhen one of the last visitations of cholera occurred in England, I 
think it was in the year 1853, therewasone place nearGolden Square, 
m l^ndon, where the cholera was very bad indeed, and it was 
singular that the cholera cases were found in certain housKi, 
whereas in certain other houses there were no rases of cholera. 
Afterwards this came to be investigated by competent persons, 
and it was found that in all those houses ui which deaths from 
ctiolera had occurred, the people had drunk from a particular well 
nrir Coldea Square, and that in the houses that were free from 
cholera, the people had used other water for drinking purposes. 
It appeared on investigation that the well water was very impure, 
and contained a great many matters which had fdtered in from 
the sewage, organic matters which must accompany water when 
we get it from wells in large towns. Tliose persons who drank 
that impure water died, and those who did not drink it did not die, 
I do not say that cholera will always result from drinking bad 
water, but when the cholera prevails you may avoid the disease 
if ytni understand how, and you may take it if you do not lake 
proper precautions, and one of these special precautions is to be 
eanful as to what water you drink. I'his is only one case, but 
there have been hundreds of similar cases. In the visitation of 
Ihe cholera this ye>u- in London, it was confined chiefly to those 
pans of l^ndon that were supplied with water by a particular 
tom|rany who stored their supplies in, or drew them from, ana 
impure source ; whilst those streets and houses that were supplidH 
Imta aoother source did not sufTei to ft VL^(.|^ «\\etv\. \ 'n^^^V 



tht^r»:fore that we cnnnvit be toj thankful in Manchester 
have a supply of firai-ratc water, and none of us ought t< 
anything but the purest town's water, which is collected, 
know, on the hills above Glossop, on that range of hills 
separates lancashire from Yorkshire. It is collected there ii 
lakes and distributed through mains and pipes all throi 
streets and into every house, so that we can draw the wa 
pure as if we were in the country, instead of Using the imj 
and pump water of our city, which becomes impr^;nat< 
the dirt and abominations which collect in a large town, 
will see from this that Idl the Wells and pumps and sprii 
Manchester ought to be closed for drinking purposes, 
is exceedingly unhealthy to drink water of this kind. There! 
good many of these pumps in Manchester, and perhaps th< 
draw water from them may not be aware of the great dan| 
incur, especially at such times as last summer when the 
was about. 

I have already exceeded my time, and I will therefore onl 
that here the dirty water is changed into colourless water,' 
distilled water, which we have collected from our litrie stiU^ 
that in this way we are only doing what nature does on ai 
scale. ^ 
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LECTURE III. 

tJLPHUR— SULPHURIC ACrO— SODA— SOAP- 
BLEACH INO. 

tiR found in Sicily in the native or pure stale, also In romWna- 
rhh many metals— Sulphur burns in the air. forming Sulphuroii! 
i 31 parts by weight of Salpliur comhiiie with an 16=32 parish) 
I of Oxygen to fonn 64 parts of Sulphurous Acid— Symbol SOi 
I Acid, Oitygen, and Water, combine together to form Sul- 
d, or Oil of Vitriol— Symbol SO,. H,. Manufictured on 
in leaden chambers — 3,000 tons of Siilpluiric Acid m inu. 
I cvsryweok in South Lancashire. Process of m^nufacturt 
—Properties of Oil of Vitriol — strongest acid known — used 
[manufacture of Snda— 1,800 tons of Soda-:is;i made every week 
First, or S;dt-cake, process : Common Salt {01 
le of Sodium) and Sulphuric Acid yield S .Ii-cikc, or Sulphate 
m, and Hydrochloric Acid. Second, or Bhck-^sh, process . 
, Limestone, and Coal, yields Soda-asii (Curbonate of Soda) 
The production of Oil of Vitriol m.iy be taken as a 
iht commercial activity of a district ; the quantity of Soap 
ts civiliiation. Chlorine and Bleaching 



. FKoP£SSor Roscoe began by saying : You will remember that ftl 

\ Ac last lecture I did not succeed in doing what I promised, 

I Ottnely, to fire a cartridge of gunpowder by means of elctlricity. 

We ftre going to try again to-night, and I think we shall succeed. 

I iTie professor then joined the wires, wliicli comnaiinicatetl with 

I Ae cartridge at the other end of the room, and siniulianeoual; 

kliis signal the explosion took place. You will see, he c 

"V^t the electricity did its work, and the previous ( 
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IS not the Cault of the electricity. Nature never makes mistal 
but 7ac cannot at all times avoid them. On the previous occasion 
the wire was broken, and, therefore, the electricity could not pass, 
the roadway for it being intercepted. 

I explained to you last Wednesday something about tlie 
cliemistjy of water. I propose to-night to take a totally difierent 
subject, and to tell you something about the chemistry of the sub- 
stance which we know as sulphur, and which you all know, I dare 
say, as brimstone. Brlmslone is sulphur, and sulphur belongs to 
that family of bodies to which we give the name of elementary 
substances. 

Sulphur is found not chemically united with anything else. It 
is found in the neighbourhood of those wonderful and interestillg 
places called volcanoes, and in volcanic districts generally, espe- 
cially near Etna, in Sicily. From that source we derive the 
greatest part of the sulphur which we require in this country. 
Hut sulphur as it exists in these volcanic districts is mixed up with 
a great number of impurities, which must be got rid o( before we 
can obtain pure sulphur. Part of this purification of sulphur is i 
done in Sicily, and part of it is perfonned when it gets here. I ' 
have in my hand a lump of the sulphur as it comes into this '] 
country, before it is perfectly pure, and it is then a brownish 
yellow mass. Here is the sulphur after it has been completely 
purified in this country, and the difference is perceptible to every 
one. Now, I will show you a picture of the arrangement by 
which the sulphur is purified both before and after it reaches us. 

Professor Roscoe then exhibited the pictures mentioned. The 
first showed the structure in which the sulphur was freed from the 
earth and rock which adhered to it The sulphur was placed in a 
pot, round which a fire was made, which boiled the sulphur until 
the vapour passed into another pot, in which it was cooled, when 
liquid sulphur flowed out into tubs, the earth and other impurities 
remaining behind in the pots. The sulphur was rendered in this 
way nearly pure, but not sufficiently pure for our domestic and 
manufacturing purposes. When it was brought to England, there- 
fore, it was again purified by another contrivance, which was 
exhibited. The sulphur was again boiled, and the vapour of the 
sulphur entered a large chamber, where it fell down in the form of 
the beautiful fine yellow poivder known as flowers of sulphur. It ' 
fell like a soft shower of snow; in fact, flour of sulphur, or. 
flowers of sulphur, were to sulphur what snow was to water or ice. 
Now, this sulphur is a most important and a most interesting 
subitnace. In the first place, here we have some of the flour of 




^^_^ _^wing it), and ii looks like yellow flour — that Uf itl . 
jtllow by daylight. By gaslight it appears nearly white. If v 
bum a little of that beautiful metal magnesium, we shall get a bril- 
liant light, which will show ihe true colour of this sulphur. [This 
was done.] 

I have said that sulphur possesses some very important and 
interesting properties for iis, and t!?at from it we can obtain some 
of the most valuable substances for use in chemistry, in manufac- 
tures, in medicine, and in common life. The first thing we have 
to notice is, that when we heat the sulphur it takes fire and bums 
with a blue flame. [Experiment,] You all know the flame of 
burning sulphur, because you all use lucifer matches, and you 
know also the peculiar and disagreeable smell that is emitted. 
NoWj as sulphur will bum in the air, you will be able to tell me 
that It will burn with greater brilliancy in oxygen. Here you have 
the sulphur burning in the air; now I will burn some in oxygen. 
Tfcc flame in Ihe air is scarcely visible, only showing a blue 
lambent light ; but in the oxygen it bums much more brightly. 

Now let us ask ourselves wliat is the chemical change which 
takes place here, because that is our object. What takes place 
there is what takes place when a piece of charcoal bums in 
oxygen ; it is a chemical combination of the substance buming 
with the oxygen of the air, and the substance which is formed 
here is called su!phurom add, and it yields the unpleasant smell 
when you bum a lucifer match. That peculiar odour is not the 
smell of the sulphur, but is the smell of the body which is formed 
by union with oxygen — the sulphurous acid. Let us try to 
remember that. I have put it down in the syllabus : — " Sulphur 
bums in the air, forming Sulphurous Acid ; 32 parts by weight of 
sulphur combine with 2 \ 16 =32 parts by weight of Oxygen 10 
brni 64 parts of Sulphurous Acid — Symbol SO,". 

Here again we conie across the most important law in chemistry, 
nwnely, that all these substances which chemically combine 
together have a definite composition. We always find that 31 
parts of sulphur combine with 32 parts of oxygen to form 64 parts 
<lf this sulph^Tous acid — this peculiarly unpleasant smelling sub- 
atuice which you perceive when you burji a lucifer match. 

Sulphur will combine with a metal as welt as with OKygen. 
11% show you that tliis is the case by combining some sulphur and 
Mow copper together. Sulphur is an elemeniaiy substance, and 
eqipper is an elementary substance, and when they combine a 1 
Ompound substance is produced called iu!ph'td( of copper. Sulphur ] 
' only in the free state m ■y)\\\t\\ 'jouVm** w 



It here, but also combined wiih mcials. For instance, tlMf «__ 
stances from which we gel the nieials are almost all chemical com 
pounds of the metal with sulphur. Where do we get the coppe 
from which our pennies are made, and which we see in a greai 
many of ihe articles of daily use ? It is found in the earth ; bal 
it is not found in the metallic state in which we use it, but com 
bined with sulphur Here we have the copper and sulphur cotn- 
Mned logctlier. [Exiieriment] You see how hot the copper gets. 
It is now in a red glow ; thus you see the chemical combination ot 
the copper and the sulphur. The metal lead, of which bullets are 
made, is not found as such in the earth; it is fnund united with 
s'llphur, and we must first get rid of the sulphur which is combined 
with the lead before we have tlie metal fit to use in covmng 
houses, and for pipes, and the many other purposes for which lead 
is used. 

Perhaps the most interesting, and certainly the most importani; 
substance which we have to do with about sulphur, is the suV 
stance called sulphuric add. Another name for this substance^ 
which you will probably be all more or less acquainted with, is oil 
efvitriat. This oil of vitriol is got from si!l[)hur. How is that 
accomplished ? 1 may first tell you that this oil of vitriol is so 
important a substance that no less than three thousand tons of it 
are manufactured every week within thirty miles of the place 
where I am now standing ! Three thousand tons per week of 
that is a large quantity. What is it all used for? What can we 
do with so much sulplmric acid ? And how is this substance 
prepared, of which we use such an enormous quantity? These 
are llie matters about ivhich I jiropose to tell you a little this 
evening. 

You are probably aware that Manchester is the centre of a dis- 
trict celebrated for its chemical trade. This chemical trade 
depends entirely upon sulphur. If there were no sulphur we 
could have no chemical trade of this kind near us, and it depends ; 
upon the manufacture of sulphuric acid, because that kind of acid ' 
is used for almost every chemical preparation. Whatever we have I' 
to make chemically we almost always have to use sulphuric acid ' 
in order to produce it. Not only, however, is it required for , 
chemical purposes, but for ordinary uses of every day life. If we i 
want to h.ive our floors at home cleaned properly, what do we do? ; 
We send for a pennyworth of soda, and this soda cannot be made 
without sulphuric acid, and sulphuric acid cannot be made without J 
tulphur. If we want to use soap to clean our hands, as we have j 
"" 'if M do pretty often in Manchester, we must use soda to im*1t« I 
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■nd in order to make the soda we must use sutf>htlfie 
add, and in order to make sulphuric acid we must use suljihur. 
] might go on eniimeraiing a thousand common things, in the 
making of which we shall need to use sulphur ; but perhaps these 
two will suffice. You can now understand, perhaps, how it is we 
inanage in this district to get rid of 3,000 tons of sulphuric add 
every week, because if we could not get rid ofit, and if it did not pay 
to Malte it, you may depend upon it, it would not be roads. No« 
then how do we m:ike Ihts sulphuric acid? In the first place wc 
uay make it either hy burning sulphur itself, or by burning & siih- 
Stance which roniains sulphur, and to which the name of sulphur 
Ote b3S been given. This substance is called iron pyrites, and it 
n ft compound of iron and sulphur, and when heated in the air 
the sulphur hums awfly. Supposing we make some sulphuric add 
ht« from some sulphur. The sulphur we have is this beautiiiil 
)-dlow powder. 

We most first of all bnm the sulphur, and produce the sul> 
Sttnce called sulphurous acid. Now in order to make sulphuric 
•cid, We have to bring llie fumes from burning sulphur into a large 
chamber. 

Everybody who has travelled by the railways about Manchester, 
OUnot fail to have seen large leaden chambers, of which this is a 
model (model exhibited). You may see them about Newton 
Heath, St. Helen's, Widnes, on the way to Bolton, and in a great 
number of places about Manchester; and it is in these curious 
leaden chambers that the manufacture of this oil of vitriol goes 
on. I cannot make sulphuric acid in this model of mine, this 
mtall leaden house, but 1 will make it in a glass house, and it 
will then be more easily seen. For this purpose I must bring 
fottr things iDgether. 1 must bring the sulpliurous acid, which we 
got by burning sulphur : I must bring the oxygen of the air, I 
miut bring sieam, and I must bring the fumes from nitre. This 
liottle of sulphuric acid or oil of vitriol which I hold in my hand, 
u A thick oily liquid composed of sulphurous add and oxygen of 
ikt Bir nnd water. It is very dillicuU for me to give you an exact 
dncription of what goes on inside this glass house, and I am 
afixid I must leave the full explanation of this for those who arc 
mlljr studying chemistry in the class which has been formed. 
Bat I think I can make it plain to all of you, that if we bum some 
)hiir here and bring some air to it, together with some steam 
'"^ iS from nitre, we shall be able lo get some sul|>huric acid, 
' vitriol, in this glass house. First we will burn this sulphur 
glass b'>use. Whea well heated we \mTii ^*l>iaasa 






Into dw {^s house, Hong with air and stt&m. and i 
the nitre. fPrafesior Ror^coc cODtinued his eiplanaiioas wh 
developing liie expeiimcm, both to coanomise time, and fix t 
attention of his auditors.] Here you see we arc gettiag C 
fumes, and shall soon have enough oil of vitriol. J can wi 
manufacture a small quanritj- here, bur, as I told you. the sat 
process goes on la ihes? leaden chambers on an enonnous scai 
In the meantime f can show you how we detect the presence 
this oil of i-itriol. If I put only one or two drops of this oil 
vitriol into this large glass of water 1 can show you T have got c 
of vitriol in that water, by pouring into it a little of this clear sol 
tion of a salt, called chloride of barium, the effect of which is i 
produce a white doudy appearance, showing the presence of si 
phuric acid. We wilt now tr>' with what we have produce 
whether we can get ihe same kind of white cloud, and I think w 
most likely shall. 

I have said that one of the most important uses of tiiis oil i 
vitriol is to make soda or alkali ; and those leaden chambei^ 
some of which are as large as this hall, are always attached t 
these alkali works. In order to show you the importance of thi 
branch of the chemical trade, I may tell you that the value of th 
materials manufactured in the alkali works of Great Brit&i; 
amounts to ;£'z, 000,000 sterling per annum, and about one-half a 
this is manufactured within a radius of thirty miles from this plac^ 
that is, one-half of this trade is in South Lancashire, and the otlie 
half is round Newcastle-upon-Tyne, in Northumberland. I hav^ 
on a diagram here a list of the chemical trades of South Lancashire 
for the year i86t, showing the very large quantities of vaxiou 
chemical substances which are made in our neighbourhood, and o 
^ese by far the most important is the making of sulphuric acij 
itod the alkali trade. The following is a copy of the Table :— t 

I, STATISTICS 

■ OF T«E j 

■LANCASHIRE CHEMICAL TRADE, /861.) 

f (t,) — ALKALt MANUFACTURE. l 

Tons p«r mM 

Common Salt (Na. CI.) decomposed in the district ... 2600 J 

Sulphuric Acid (Sp. gr, i, 6) employed Jioo J 

Soda Ash produced 1800 1 

Salt-cake Soda aio 1 

J/cMiionaifofSoda..... az% \ 



Tdtipairuk 

]& Crystals , i;j 

Cutctk Alkali (Solid) 98 

Wf^''*""E Powder 1^5 

•Chlorate of Potash 5 

(».) — ACID3. 

Sulphuric Acid not used in alkalt making 700' 

Nitric Acid - ' 

Oxalic Acid . 

(3.) — PROOrCTS USED BY OVERS AND CALtCO-PKINTERS. , 

Dye-woods used for mating wood extracts 3oo:<j 

X^e-woods used by Dyers . 

Garandne 

Ammonia Alum t4T*l 

Proto Sulphate of Iron.... 80-^ 

Sulphate of Copper a9\ 

Emerald Green 

Protochloride of Tin , 

Nitrate of Lead 

Stannate of Soda 

Arseniate of Soda 

Bichromate of Potash 

Yellow Pmssiale of Potash S 

Cwt. 
Red ditto . 

Gals. , 
Red Liquor (Acetate of Alumina) . 

Liquor (Protoacetate of Iron) Sooo ^ 

Cwt. 

13 

Tons. 

Gum substitutes 35 

so 

Rosin 50 

now, I believe, made a little oil of vitriol in our glass- 
Ve will pour a little water into the glass-house so as ta 
the gas, then shake it up, and see if we have not got a 
which will produce the mitkiness which we saw before. 

(tie of this clear solution of the salt, and we get the same 

:clou(), proving that we have manufactured on a small scale 
« few minutes some oi this most vmpoiXkW. ^vtoswsv;*;. 
'J 




Mr, this oil of vitriol is ibe strongest acid we know, and 6tti 

IE can make all the other acids we need, as well as soda ao 
m going to-day to describe to you how alkali i 
1 afraid this lecture will be rather dry, but it is vet 
important (Further applause.) In the first place, in order to gt 
the sulphuric add as strong as we requite it, we have to evaporat 
it as it comes weak out of the leaden chambers, that is, boil awfi, 
the water which has been put in it This boiling away of tlji 
water is done first of all in leaden pans, but after a time this acii 
gets so strong that it attacks and eats away the lead, and therefor* 
the manu&ctucers have to use something else. Now you 'cat 
imagine ihaJ if we had to evaporate a great many tons of this, w( 
should have to use very large boilers. We cannot use iron boiler; 
or leaden boilers. What are we to use ? We must use either glass 
boilers, or boilers made of metal called platinum, which is so expen- 
sive that a boiler large enough for commoij^se costs many thousand 
pounds ; the other day I saw a very beautiful platinum boiler, which 
was exhibited at the British Association Meeting, at Nottingham, 
and that boiler was worth ;^6,ooo ! Well, fortunately there is 
another substance without which we should be very badly off now- 
a-days, especially we chemists, and that is g/ass. What wonderfiil 
things we see now made of glass ; there is a little glass bottle 
which will hold forty gallons (a laughj ; in that kind of little bottle 
they boil down the acid. This specimen bottle has be^n kindly 
sent to me in order that you may all see what sort of bottles and 
boilers are used for boiling down sulphuric acid. It has been scoi 
to me by Messrs. Percival and Yates, who I believe are the only 
makers in this district of these "small bottles." Five hundred 
weight of the acid is placed in the bottle, and the bottle put in an 
iron pot, with sand, and a fire ■ is made underneath. When tlje 
acid is heated the water comes away, and the strong acid remains , 
behind. If these bottles full of this sulphuric acid were to break, 
there would be a "serious matter," because sulphuric acid, whflii 
hot, is a most deleterious and corrosive substance, and forms a 
very hurtful vapour. But so well are these bottles made, and so 
accustomed are the workmen to handling them, that they do not 
often break them. These bottles arc certainly extraordinary 
specimens of glass-blowing. 

I have said that the sulphuric acid is used to a grt-t extent for. 
making alkali, and 1 am going lo tr>' to explain to you how alkaU 
is made by the use of sulphuric add. Near here ivc have a ve^'; 
large source of alkali, and that Is the Cheshire salt beds. You 
ij7ow ihat in Cbvshire (here are enoimout devvisita of what la 



This rock salt consists of sodium or the mctSl 
united to a subKiaoce which I shall have to sjjeak of, 
'chlorine — it is a compound of sodium and chlorine. This 
I salt, which we use every day at our dinners, is employed 
1C6 alkali, and you will see by the table [on page isj that 
ids of salt are used every week in this district for making 
The first thing we have to do in order to make alkali is to 
'"to [l some of this sulphuric acid or oil of vitriol. What hap. 
pens ? I will pour some sulphuric acid on this common salt, and 
soroetliing very strange will take place. I must not use much, in 
order that we may not be incommoded by the result Here we 
see an cffervesence going on, and a substance is given off which 
fiunes very sharply. What is this white smoke given off? I hold 
it above my head because I do not want to breathe it. This is 
the first process in making alkali, and it is called the salt-take pro- 
ttts, Wimt happens here is that the sulphuric acid liberates &oni 
the salt a substance called hydro-chloric acid or spirits of sajt, or 
mnristic acid, and leaves behind it the " salt-cake, ' as it is termed 
by the alkali makers. Now the hydro-chloric acid is not what is 
mmtcd. What we want is this salt-cake wliich remains behind, and 
the alkali makers were at first very much troubled with tbe hydro- 
dUonc acid, which comes off, and did not know what to do with '' 
it They found, to begin with, that when they let it go up ihei^ 
chuuneys. the fumes were very annoying to dicir neighbours, and 
iWy destructive to their property, for it killed all the trees HA 
plants, and destroyed every blade of grass ; in fact, it mined the 
nmers and gardeners in the neighbourhood. Then ths manu- 
bctUTcrs built tall chimneys, thinking that if diey sent it up high" '' 
Into the air they would be rid of it Bnt there is no getting rid of 
tilese chemical bodies ; you cannot destroy matter; and so, tnie 
to the law of nature, this acid came down again. But instead of 
GiQing on the farm nejct to the manulactoiy, it visited a farmer half- 
a.taile off, and destroyed his trees and his crops, and was as un- 
jdeasant to him as it had been to the nearer farmer. Then they 
Ihought of another plan. They turned all acid into the canals on 
Ihc banks of which the works were built for the sake of cheap and 
Bi^ transit. For this gas which you see coming otF as fumes is 
btlccn up by the water with the greatest avidity, I hope to be able 
to (how you that this is the case. [Professor Roscoe took a long 
tnbe filled with this gas, and on removing the cork from one en't 
As water rushed np violendy, so quickly was the gas absorbetLJ 
T|W shows why the manufacturers sent the gas into the canal : ^ ^ 
■M* ()Mf she naser might rid them of it. Bu*. \J£ie v*o>;J« •«V»\«lv 




barges on the canals very soon complained, because ihey said «& 
the iron rivets and nails came out of their boats, (Laughter.) 
Thus the chemical manufacturer was again in a difficulty. He did 
not know what to do with this disagreeable gas, which he could 
not help making in order to get what he wanted — ihe salt-cak& 
What was he to do? The answer will servo as an example to 
show how, by increasing our knowledge, we are able to make use 
of even deleterious and hurtful products. Instead of letting the 
gas go up the chimney, or sending it into the canal, the manuJao 
turer collected the acid into a small quantity of water. The 
arrangement he adopted is illustrated in this model, and was first 
adopted by Mr. Gossage, of Widnes. He filled these towers with 
coke, and down the towers he let a stream of water trickle; at die 
bottom of the towers he admitted this hurtful hydro-chloric add 
gas, and the failing water took up every trace of the acid, so fiiat 
when the fumes came out of the top of the chimney, there was 
not the least trace of hydro-chloric acid gas left, while the water 
which had trickled down the towers was a valuable substance. It 
had taken up this gas and had formed a substance, which, so far 
from being a waste or injurious product, causing a loss to the 
manufacturer, became a source of weal'h, and a product from 
which he could make other substances. This nuisance can, there- 
fore, now be avoided; and in order to make the manufacturer 
careful. Lord Derby a few sessions ago, brought forward his 
Alkali Works Act, the object of which is to compel the manu&c- 
turers to collect all his hydro-chloric acid, and allow none of it »■ 
escape to the injury of his neighbours, A gentleman, well 
known in Manchester, Dr. Angus Smith, has been appointed as 
head inspector, and he goes round to see that the manufacturers 
do their duty — namely, condense every particle of this deleterious 
gas, so that none of it may escape into the air- 
Having followed this hydro-cliloric acid thus far, let us go bai^ 
if you please, for a moment, to the salt-cake, this white substance 
which is left behind, and which the alkali maker wants. This 
salt-cake is not alkali yet, it needs to be heated in a furnace with 
two other things — with coal and with limestone, in order to maka 
it into alkali ; it then fonns a substance wlrch the manufarturera 
term "black ash," which when dissolved in water yields the alkali. 
It would be impossible for me to describe to you minutely all the 
processes which go on in the enormous chemical trade of this 
district, or to do more than demonstrate the importance whiclt 
sulphuric acid is to that trade. The sulphur which is used in 
making the sulphuric pcid I's still a waste product, and It would be 
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Bt discovery if anybody cauUI find out how to do wittmUt 

^pbur, which is left behind in what is called the alkali 

waste, and wliich smells very badly, and is a gre.ii 

■. This is one of the nuisances which is not yet got rid of. 

;.explained to you how the nuisance of the hydro-chloric acid 

■* nd of; and in progress of time, and with the advance of 

1 have no doubt we shall be able to turn this waste 

_._^ to as useful an end as the hydro-chloric acid. We miisl 

■fiavt patience; we cannot expect to get all these results at once. 

Before I describe to you what they do with this hydro-chlorir. 
acid, I will shmv you the drawings of the furnaces in whicJi these 
Operations are conducted for making the alkali. [^Professor Roscoi- 
exhibited pictures of the leaden chamber in which sulphuric acid 
is made, and oiherfumaces in which salt-cake is made. The latter 
consisted of a large iron pan in the centre, holding several hundred 
weight of salt, upon which sulphuric acid is poured, and a great 
(maniity of hydro-chloric acid is given off. Lastly, a picture was 
shown of the furnace in which soda ash is made, by mixing the 
«n]t-cake wilh coal and limestone.] 

In the two or three minutes that are left, I will try to make it 
rlear to you what the manufacturer does with this hydro-chiorir 
acid which he used to throw away. Some of you may he old 
enough to remember the time wiien all the bleaching of ciiliru 
in this district was performed by laying the cloth out on ilie 
ground to be exposed to the sun and the air; this was then the 
only way of bleaching known. .Some years ago a chemical roofle 
of bleaching was introduced, through the use of this hydro-chloric 
acid, from wliich is obtained the most powerful bleaching agent 
known, called chlorine gas — another of these elementary bodies of 
which I spoke to you. Here we have some of this chlorine gas. 
I irill not make any of it here, because if I were to do so, it would 
prevent my speaking and very much inconvenience you, for it has 
a most powerful smell, and attacks the lungs with very great force, 
so that we have to be careful in using it. This chlorine gas is 
cootained in this muriatic acid; I will bum this little bit of 
BUgnesiinn wire, and you will sec that this gas is of a yellowish 
colour. It is a most powerful substance, and if I introduce a little 
netil it will take lire. [Professor Roscoc threw into the gas a little 
powdered antimony, when the metal took fire and burnt in the gaa,] 

Thii is very extraordinary that the antimony should thus take fire. ■ 

^QD^^L this chlorine also possesses most pnwerful bleacb^^^l 
^■^H^Ks^ but it singular that dry chlorine does not ^^H^^| 
^^^^^Kornncnr demonstrated this. T\\e dry Q^WdTVne \^^^^H 
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eSect upon a piece of lorkey-red cloth, but 
introduced the cototir at once began 1o fade.] You trill 
ituderstuid tliat the manulactmer does not want this substance ia 
the gaseous form, but as a solid, so that he can pack it up in boxes 
and send it about to his customers. In order to effect this change^ 
he sends the gas into hme. He has large chambers filled with 
common slacked lime, in combination with which the gaB fonns 
this white bleaching powder with which ail of you ivill be familiar 
who have anything to do with bleaching. It is commonly, but 
etruneously, called •■ chemic " by bleachen, who haie not as much 
knowledge of cheinisUy as is desirable. What does "chemic"; 
mean? As if salt was not "chemic," and sulphur "chemic": as 
if this were tlie only " chemic" in the world. Atl things around^ 
lis are "chemics," we ourselves are "chemics." (I^ughltf.); 
However, this goes by the name of " chemic," and if in the Ueach>: 
works you were to speak of chloride of lime, they would stare ai ' 
you, but ask them "how is the chemic?" and they know veiy wdl 
what you mean. \Vell, this bleaching powder is got by brmging 
the gas into contact with lime, when the lime unites with it, i 
making solid chlorine. For this substance the manufacturer gets ' 
£\ 7 a ton, when thirty or forty years ago he sent the materials of' 
which it is made into the air to the amioyauce of his neighbour; , 
and the destruction of vegetation. 

I will now show you how we can bleach by this powder. 
[Professor Roscoe mixed some of the powder with water, and in a. 
lew minutes bleached a piece of red cloth. He explained thc: 
process at the same time of what is called souring or liberating . 
the clilorine by an acid. It was explained by tlie professor thai 
this mode of bleaching was not applicable to the linen made in 
the North of Ireland and elsewhere, the fibre not being sufficiently 
strong to withstand the action of the acid. In conclusion 
Professor Roscoe stated that in his next lecture he should speak 
of coal and gas-making, and give another example of the 
extraordinary power of chemistry to turn hitlierlo useless produCtS; 
to a valuable purpose, as in the fomiation of benatiful colours 
from common gas-coal tar.] t 



SMENTARY CHEMISTR-S 



LECTURE IV. 

C A R B O M— C O A l^F LAME. 

naiiily conaCitules the bodies of plants and animals— with - 
there conltl be no life on the earth. — Carbon showed to Ijc 
in sugar. — Carbon exists in ihree forms (i) diamond, {2) 
plumbago, (3) charcoal or coal. — Twelve pounds of each of 
modificalions produce the same weight, or foriy.four pounds 
: acid gas when burnt in the air or oxygen. Decolourising 
^Mptiities of charcoal — Use in sugar refining, CoAL the remains of 
ancient vegetation — Explanation of changes which have occurred-- 
Coal plants.— Coal Gas yields carbonic acid on burning— Contain* 
iBU^>gas or fire-damp, mixed with oiher gases — Causes of the cxplo- 
ahma to coal-pits — choke-damp or afiet-damp is carbonic acid gas, 
Diry lamp— Explanation of— Experiments showing the value d-r^ 
OlcfiAnt gas contained in coal gas — Burns with luminoue fl; 
StniCUire of a candle flame. 

, Vegetable and animal life — Dependence upon tl'C Coal for' 
prosperity — Co nclu si n. 



.«:EitiOr£aSOR RoscoE, iu commencing his fourth and conduding 
kctUK, said, you will remember that in the last lecture I took for 
njr BUbject Sulphur, and I endeavoured to show you some of the 
Hnporunt cliemital principles which are involved in that sub- 
tlaaoe, and its compounds. We saw how the waste and deletc- 
nona hydro-chloric acid, which was at one time only a nuisance, 
<na, by the progress of science, made available for most important 
Qconomical uses, and instead of being a burden to the manu&e- 
tunr. became to him a source of wealth, from the production 
of bleaching powder. This evening I propose to take another 
tabnaDce, but one not less important and interesting than the 
Cmuxi ones. Tbb substance also is an elemeiitaiy body, the 
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fwliich ve have often had to menlioa, ftamely, 
ebareoal. Now ihis carbon or coal is a substance of such 
importance that we cannot at first realize its full value, for neither 
vegetable nor animal life could exist if we were to cul off this ooe 
substance, carbon ; in other words, if carbon h-id not existed the' 
animals and vi^etables as they now exist cotild not have been, 
fonned, because all these things necessarily contain carbon. TJl6 
first instance I n-ill give you of the existence of charcoal in a 
vegetable shall be this beautiful white lump sugar, the pToduct.oi' 
the sugar cane refined. I shall be able to show you that sHior 
contains carben by taking away the water from the sugar, for it-i* 
really a compound of carbon and water. I employ sulphuric 
acid — a substance I spoke about in the last lecture, to remove thft 
water. This acid has the power of taking away from the su^r 
the water which it contains, and then we have the carbon left: I 
first add some hot water to the sugar to make a syrup, in onkt 
that the sulphuric acid may be able to act upon the sugar moK 
expeditiously, and when the sugar is all dissolved, I will pouc 
Upon it some sidphuric acid, when we shall see the carbon. All 
our beautiful white sugar is now transformed into this boiUtig 
black substance. [This illustration, and all the subsequent ones, 
elicited the applause of the audience.] This shows you disttnctljn 
that a vegetable body such as white sugar contains carbon. Flesh 
meat also contains carbon. We know that when a piece of meat 
is over-roasted and burnt the black carbon comes out ; and if I 
had done this with meat or blood, 1 should have produced the 
same black carbon. 

I will show you this in ariother way. I will take this colourless 
liquid, which is turpentine, and show you that it contains carbon. 
If I moisten a piece of paper and put it into a jar, with a poweF- 
ful substance which we noticed last time — chlorine gas — and if I 
introduce some of the turpentine into the chlorine gas, we shall 
see that it contains carbon, for a quantity of black smoke will be 
given off, and the paper will turn black, and even take fire. Thi» 
blackening of the paper is caused by the carbon from the turpen- 
tine, and thus we see that in both of these white vegeuble 
substances carbon is contained. 

Carbon is found in nature in thtiTC distinct forms, so different 
one from the other, that we are not able to tell by the mere 
appearance that they are the same substance. What do you tlrialt 
when I tell you that the beautiful bright sparkling gem which \»& 
call the diamond is nothing more than this piece of coal, that is, 
demicaJly it is the same in EUbstaoce, namely, carbon in ia 
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pamt ibrm. Coal or clurcoal is another tunu oi curtxin, and 
[hen wc have that substance which we use Lo make black lead 
pencils, and I'or blacking graies, commonly and improperly called 
"* blacklead," for there is no lead in it, or otherwise plumbago, or 
^phiie. These things are nothing more than carbon, or diamond 
n another form, a form not so valuable, because it occurs in larger 
quantities, but perhaps even more useful than the diamond, though 
Ihe diamond is a useful substance, because it is the hardest body 
ve know of in the world ; it is so hard that it will cut glass, and 
vithout it the glaziers would be in a difficulty. We cannot ima- 
ginc'things more difFerenl in appearance than blacklead, cliarcoal, 
■ltd diamond, and yet these substances are actually one and the 



Now, what happens when carbon burns ? I showed you in the 
ttu of these lectures some charcoal burning in oxygen gas, and 
^Ou would notice that a very bright sparkling took place ) 1 need 
1, therefore, repeat that experiment, because you have seen it, 
I we have a number of others for to-night. What is it that 
hai^ns here f Those who have attended these lectures, and 
UMnded to them — which is another thing— will know what 
liappeRs when the carbon or charcoal burns ; they will know that 
dw beautiful bright sparkling is the result of the combination ol 
WriWn with the oxygen in the air, and that a substance is formed, 
Ihe name of which I have written on the board — cardunk acid; 
md this carbonic add is produced whenever substances containing 
carbon burn in the air or in oxygen ; and it docs not matter whether 
IK burn diamond in oxygen or charcoal, or graphite in oxygen, 
itM same thing takes place — namelv, carbonic acid is formed. 
I^ikI what is more important, the same weight of carbonic acid is 
formed when we bum a certain weight of either diamond, charcoal, 
W graphite. If we were rich enough to burn nibs, of diamond, 
)t would be a costly experiment, but the experimtnt has been 
performed with a smaller quantity, — how much carbonic acid 
should we get? ^Vhy, we should get exactly 441b. I have put 
this down on the syllabus, because it is so important — " izlb. of 
Siaotond. charcoal, or graphite, would yield 44lbs. of carbonic 
icid." This is one of the reasons why chemists ha> e come to l' 
Eoncltision that tiiese substances are one and the same, beca 
bq* yield the same quantity of the like product ; hence 
ntist be the same substance. 
A hundred yeai? ago nobody knew that the diamond was t . ^ 
■H w charcoal, and if any lady had been \o\& ^u.\vt::f ^lasoon^ 
t^ aethin g but charcoal, she wou\il have been mctisisAwa. ^^^ 
*;i/u,ihJo as ever ,Wvv w^tc, a"\4 'perV^^^ ^w** 






va1ua.b]e, because we camiot make diamonds artilicialty, dUM^ 

some day we may learo how ; it is not an impossibility, all Wb 
have got to do is to find out how nature made diamonds, and then 
attempt to imitate her. 

This carlion possesses many important qualities. In the fiiat 
place, men arc built up or carbon, and without carbon we could, 
not exist. As I told you in Ibe second lecture, the food we are- 
constantly taking in is just the same to us as coal is to the steam' 
engine. We bum this food-fiiel, and the product of iis combus-^ 
tion is carbonic acid, which is given off from the lungs. If we 
breathe through clear lime-water, you can make this fact palpable; 
to sight, It is an important though ample C!C|)criment, and IS 
have already shown you that die lime-water becomes milky-looking 
through the influence of the carbonic acid. This proves th&t wel 
are really undergoing a process of combustion, that we arc burabg, 
and for every lalb. of carbon we bum in oar food, we produce' 
441b. of carbonic acid, and for every given amount of carbon 
which we thus burn, we get a definite amount of Jieat and of 
mechanical action evolved. 

Carbon is a very useful substance. One important property 
of carbon \% that it is capable in a certain form of Uiking awiy 
the colouring from substances, and it is therefore used in BUftar 
refining. I may show you this. I have here some finely divided 
charcoal which is used in sugar refining. I will m\x with tills 
sugared water a few drojjs of indigo blue, and then if I p\it saate 
of this charcoal into it, you will see that it has the power of taking 
away this blue colour. If I had taken some dark treacle it wotild 
have been discolourised by the carbon, and we should have had 
white treacle. This is the way that sugar is refined, a process 
tbat is carried on -svithin a hundred yards of lis, at Messrs. Fiyert 
v.orKS ill Chester-street, where they use large quanti'i'ss of titis 
hone charcoal, simply for taking away the colouring matter whid) 
llie sugar contams. 

Peitaps the most interesting and important part of what I have 
to say to-night is in connection with cm/. Coal is a form of 
carbon ; carbon more or less pure. Now coal is such an important ; 
subject that [ could have lectured upon it for the whole of thei 
four evenings, instead of for a part of one lecture ; but 1 dtou^t 
it wonid be better to clioose a wider range of subjects. Coal, I . 
have said, is mainly carbon, but it contains some other things ; h 
contains hydrogen, it contains oxygen, and it contains nitrogen, 
JVatr, ivhac is coal ? or, what has coal been ? These quesliotK 
^q^est themselves to everybody, and e9nee\a\\s o\ig.\\\. ■Am to 'tt^ 
"^-rifefCf/ by those who lise in tbe mid«l o( a c<^^^|^H 
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llDing district. ^V'hat is all this carbon tliat is brou^lit 
■' of perhaps several tlioirsand feet below the level of 
If anybody will take llie trouble to go down into 
IX collieries, and will keep a sharp look-out with his 
he gels to the top of the level, he will probably see 
impressions of pbuts, some of which [showing diem] 
;n kindly brought by a friend who was good enough to 
» me to exhibit diem this evening, Vou have observed on 
floors as well as on the roofs of the coal seams, these 
ttnptcssions of leaves, plants, and even upright trunks of trees, 
which evidently were growing at the time of the coal formations. 
The coal is really the remains of an ancient vegetation which at 
one time flourished on the surface of the earth, and grew and 
hxuriated in the light of the sun, just as plants flourish now. 1 
will show you on the screen magnified photographs of these 
ipbuit impressions, of which yon will see some splendid original 
qwcimens in the Peter Street Museum. 

These pictures wLl show you nhat the plants are like. Some 
of ihem you will see were fem-Iike plants, bearing seeds, and 
botanists will tell you that these plants were reproduced in exactly 
tht same way that such plants are propagated now. They were 
much the same kind of plants as the ferns and tropical growths 
of loJay, only larger. Here is one showing a section of the 
fton, which is almost like the section of a pine tree. Remember 
Uut these carbonized plants are found at a depth of perhaps 
3,000 feet below the present level of die earth. Coal beds are in 
.fisct one mass of planUi. You may say, "We don't find tjiese 
|)laott and leaves in the coals in our coal-box." No, wc only find 
them in certain parts of the coal field, because the whole of the 
planU have been so changed by being_ in Uie earth that they 
nave become what is termed " bitumenized," — that is, so altered 
by heal and pressure that the greater part has lost its vegetable 
■trocture. But in cw'tain pans of every coal field we find these 
remarkable remains of fossil plant?, lej\ ing no doubt upon the 
mind of every person who observes them, that the whole mass ot 
Ifw coal consisted at one time of living plants. 
iJ .Th ese plants were once growing on the surface of the ground, 
■IQB the long lapse of ages the level of this ground has sunk ; 
^^H'^eposits of sand and mud ha^e been formed over the remains 
^^B|M plants, and the mud and sand have gradually hardened to 
^^^r t am well aware that to persons unaccustomed to consider . 
^^Hracalticts it does seem amazing, indeed almost incredible^ J 
^^^Wd) great changes have gone on, and are slowly but steadiw ^ 
^Hq^oh Che su^ce of t^-solid euCli. \>iV aw^ "a tSJ^S 



5 More false than that die surfac .^^ 

s fised and unalteraHe ; it is coutinualiy but very slowly changing 
at ihis moment, and such slow changes as llicsc buried the cod 
jjUnts thousands of feet deep in the earth. 

Consider now for a moment tiie importance of coal to us in 
England. What should we do without our coal fields? What 
gives importance and wealth to the manufacturing districts <rf 
F.aticashire, Yorkshire, Staffordshire, Newcastle, Scotland, and 
South Wales? How is it that we are able to make so mtich iroB, 
.ind to produce all those manufactured articles which require &i 
their preparation the expenditure of such an enormous amount of 
mechanical force? It 19 the coal that does it Without oial 
these parts of England would be agricultural, just as Hampshire 
and Essex, and Kent are agricultural, because they have got no 
roal, Do you think the people of Essex or Hampshire would be 
ijontenl with 7s. or 8s. a week, or whatever they get, as agricultural 
labourers, if they could earn twice as much in manufactories? If 
they had the coal necessary in those counties, they would not be 
content with agriculture, but would start at once to manufacture 
fioraething or other. But they have not the coal, and therefore 
the manufacturing districts are found in the coal counties. These 
districts depend entirely upon coal, and as soon as the coal is ' 
burnt out, Lancashire and Yorkshire, and the other mauufacturiag 
districts, ivill be ruined, and the inhabitants will have to gO 
somewhere else. Hence tlie more you think of it, the more j 
important will the coal question become; and you feel thai l 
everything here in Lancashire depends upon the coal, and if We '' 
had no coal fields neither should we have in Lancashire the | 
cotton indtislrj-, or the chemical industry, or tlie iron industry', ' 
but we should have agricultural industry only. It is a matter, i 
therefore, for grave and earnest inquiry — How long will the coal j 
last? So important is this question, that a Royal commission has 1 
been appointed to report upon the question of the consumption eC 
coal. A very interesting book upon tliis subject has been written 
by a friend of mine. Professor Jevons, of Owens College. You 
will find this important work in the Free Library, and it shows 
most clearly how dependent we are upon our coal, and Professor 
Jevons then discusses the question of how long will the coal last? 
That diagram, which is suspended on the wall to my left liand, 
shows the relative produce of coal, and the area of the coal fields. , 
in various countries of the worid. The diagram has been lent to-- 
nte by Mr. Jevons. You will notice a large square of black at-" 
Ibc toj). 'J'hat indicates the quantity of coal raised in Great _ 
Mr/lsjii w one year — pS odd millions of Ions. "E^vc qiJ^w Vtt.'Sit"' 



going down to the minute square at the t 
the quantities of coal raised in other countries; so that 
we are raising more tlian four limes the quantity of coal 
lised in any other country, and certainly more than twice 
1 as every other country put together. Now it naturally 

any one who is accustomed to reckoning, as I suppose 
ggUshman is, lo ask how much coal we have, and how 
•coal will last when we are expending it at this rate. Of 

1 a man has a certain number of shillings or pounds, and 
ds them quickly, he will soon come to the end ; while 
man who has a great deal more money, and does not 
t GO quickly, will find it last longer. Now look at the 
le of that diagram, and you will see that the quantity of 
the United States of America is enormously larger than 
ntity contained in our own country, while the rale at 
ley are expending their coal is at present much less than 
umption of our own. We are burning ours at a great and 
increasing rate, and we have got but a small supply; 
America does not yet consume at the same rate, and has 
larger supply, Of course nobody can say when our coal 
11 be empty, but this much we know that the consumption 
sing at a rapid rale. We are raising and burning mucli 
b1 than we did ten years ago, and we shall go on increasing 
: pnce of coal reaches a certain point, when our manufac- 
Q] have lo compete with others who get coal cheaper in 

. and elsewhere ; so that, in a business point of view, it is 
nious matter to consider whether anything can be done to 
bat most unlucky Ume for England as distant as possible. 
ic other diagram I have given yuii the actual area and 
of tons of coal contained in England and in other 
i, with a comparison of their ratios. 
lATED AREAS OF COAL IN PRINCIPAL COUNTRIES. 

Squm Jlila 

arCoaU TaUl. 

tg6,6jo 

jtowio 7.5J«> 

,....'"!!"!!"!"!"!"!!::::!"!:''"!!!'!'"!:!":"": '9S4 



Mo, iZt. 

6a 36,000,000.4 

-^ 60 59,ooo,eaai(i 

ptUh Islanda „ 35 t90.0(»,(xc^c| 

(nnsylwmia 25 3ie,40o,oeCv« 

ireal AppalaehUn Coaifield 25 i,3S7.50C^ooe,aJ 

Indiana. Itlinois, VVcblem Kectucliy 3J l,277,50o,ae ~ 

Miasourii and Arkansas Basin 10 

Hoith Araerici (assumed Ihicbness ovar au area of 20 
200,000 square mUes.) 

RATIOS OF ESTIMATED QUANTITIES OF CUAJ 
Amouut of coal in 

Betginm. 36,000,000,000(^11; 

France less itiaa 

firitisti Islands, rathCT more than 

Pamiylvania, a tillle less than 

AppaUchian, about 

Iniliaait. llImol'>, Wsuem Keatuebr 

Nluoaii and Arkaniu 1^ | 

Entire Coallieldi orNorlti America ,. iri I 

„ all Europe Sj ' 

Taldng the quantity of coaj in Belgium as i, you will see tl 
in the British Islands we have rather more than 5, whereas in ti 
one single coal field of the United Slates, called the Appalac .. 
coal field, the quantity is 38J- times as much as in Belgium, a 
ihe entire coal fields of North America contain 1 1 1 times as mucH 
while all Europe has hut 8J times as much. So that you see ho^ 
little ccial we have in Europi;, and how fast we consume ii 
how much coal they have in America, and how comparativcn 
slow they are spending it. 1 

Another very important use of coal is to make coal g£s. Hen 
we have an apparatus at work for making coal gas, and you sei 
we are burning die gas we have manufactured. This process d 
coal gas making is one of great importance to us, more particulftra 
in the winter, and we all felt much inconvenience, I did for (mi^ 
on being deprived of gas in my laboratory when the men in t 
gas wosks struck. The gas is made by putting the coal into 1 
iron or brick receptacle called a " retort," where the coal is heate^ 
If the coal were nothing but pure carbon, we should gel M i 
(lit of it ; but the most suitable qualities of coal lor makb^^ 
f the VVigan cannel, contains, as I have said, other f 
. minely, hydrogcT), oxygen, and rauo5,cTi, aad these i 
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help to yield the gas. T!ie jet of gas which we are tnaking 

11 probably bum throughoyt the evening. You see it bums 

ly and brightly, and it seems to be of rather a belter quality 

rfen the excellent Manchester gas. Our little retort holds 

it couple of poundi of cannel coal, those in the public gas 

would hold many tons. The gas passes from the retort 

Ur well, where the tar is deposited, thence into the 

ric condensers, and the lime purifier, and then into the 

r, where it is stored up for use. [In order to illustrate 

IS of gas making more fully. Professor Roscoe exhibited 

_ ^ of a gas manufactory.] One of the substances, from which 

Ab gjta has to be puriSed is tar, auodier is called ammonia, and 
laother is water. Gas-tar was once a waste product, but it has of 
lUe years become useful and valuable. What do you think we 
make from gas-tar now ? Why, we make those splendid colours 
which the ladies, and no doubt the gentlemen, so much admire, — 
the mauvcs and magentas, as well as greens, blues, violets, and 
blacks. Not only are brilliant colours made from gas-tar, but 
Mtually perfumes, as well as essences for flavouring cheap con- 
fectionery, such as essence of bitter almonds, fruit essences, 5:c. 

Coal-gas is not a simple chemical substance, it is a mixtcre of a 
Vtllety of bodies, some of which are wanted, and some are not 
Mnted One of those which is not wanted is called carbonic 
add. and anolherwhich has to be got rid of is sulphuretted hydro- 
fen, die substance which smelts so peculiarly and disagreeably in 
IDUen eggs. To get rid of these ihirgs the gas is passed through 
bw. There is another substance in [he gas, which is also found 
% coal mines, and is there called " hre damp," not ^at it is 
dunp, or has anything to do with water. " Damp" is a word of 
German origin, and means air or gas. This fire-air or fire-damp 
Miaetinies explodes in the coal measures with fearful and fatal 
iMeoee. It is, therefore, imjiortant to understand its nature, 
ti^peclally m a district where these accidents arc only too common. 
It ii very important that everybody, and especially those who 
•sA in coalmines, should be accjuainted with the few scientific 
frilKJpies upon which the explosive nature of the lire-damp 
fl^atdi- If you go into a coal mine and ask the men if there is 
■1^ fire-diunp in the mine, they would not know what you meant ; 
Im ibey would say there was some " sulphur " up m a corner 
Fhere. They call the fire-damp sulphur, but there is 
i^ it is nothing but carbon and hydrogen ; tliej-gii 
Itiuiphur because it burns wilh a bluish Rplwe, This shows 
\nt the lainns are of cliemical sdence, a 





often happen from the *ant of this ccientitic kiiowledW.'"' 
is the cause of these explosions in ciml mines f It is simply thia; 
that the coal-gas or fire-damp gels mixed with air, and it ihoi 
fonns an explosive gas. That this is the case I can easily shew 
you, I will make a small explosion of coal-gas, because coai^^ 
and fire-damp are nearly of the same composition. When carbon it 
burnt, carbonic acid is produced ; therefore you will have no ditft 
culty in seeing th:il when this coal-gas is burnt in air, carbanic 
acid must be produced. You will remember, I am sure, the 
effects of this acid upon the unfortunate miner. The m«-n who 
are in the mine when an explosion occurs from fire-dacnp, even if 
they escape being burnt to death by the fire, are almost sttre to be 
suffocated by the " choke-damp," or carbonic acid gas, which is 
produced by the burning of the carbon of the coalgas or fire- 
damp. I will show you first that we can get an explosion whea 
we mix a little gas with air. [The gas exploded harmlessly in the 
open glass vessel.] Professor Roscoe then introduced a lighted 
candle into the vessel, ajid the light was soon extinguished. like 
the flame of the candle, the life-flame of the miner goes. out wi 
this deadly gas. [A bladder filled with tlie explosive mixture woa- 
then fired by the electric s]iark ; the explosion was like the noised 
of a cannon, and of course the bladder was blown into ribands.] 
There is one other important thing to be noticed, and thEt'is 
the Davy safety-lamp. What is the principle upon whidi.>Kr 
Humphrey Davy made his lamp, so as to enable the men to go ' 
with safety into the most explosive gas? The principle is a vety. 
simple one ; it is that flame cannot pass through a common piece 
of wire gauze. Here we have a piece of ordinary wire gauze, sutl- 
as is used for making wire Winds, and you see that the flame can- 
not pass through it. Now, imagine this bound round, with a lamp 
inside, and that is the Davy safety-lamp (eshibiting one). The 
light bums inside the lamp, the gauze being no obstacle to the 
ingress of the air, but the flame cannot pass through, and the ten*- 
perature is not sufficiently high on the outside to ignite any explo- 
sive mixture. Let me show you that this is the case. I will 
insert this lamp into some vapour of ether, which is very inflani' 
mable, but it does not ignite, whereas the moment I insert a bit ■ 
of lighted paper into the ether it takes fire and bums with a large 
flame. No doubt thia safety-lamp invented by Sir Humphry '. 
Davy has saved a great number of lives, and would save more if ' 
the colliers were more careful, but they become negligent (rom 
being exposed ta danger daily. Sometimes a collier will unscrew , 
i/ie topof his iarap m order to light his pipe, and the consccjueucc 
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hot only is the unfortunate man himself killed, but Ti«^_. 
ause of ihe lieath of many others. In many mines ihe Davy 
imps are padlockc<1, so that the miners cannot unscrew the top, 
turn they »)melinies take Uicifer matches down, and on siriking 
ne of them for the same purpose, there may be another dreadful 
n^losion. The force of this gas I have shown yon by an experi- 
ttimt ; but imagine this room, or a space twenty times as targe, 
iUed -with the same explosive gas, and you may form somi^ ide:i 
f the tremendous force of these most terrific explosions. 
.■There is only one other subject I want to speak about, and that 
I. the beautiful colours derived from coal-tar. There is in the tar 
^singular and important substance to which chemists have given 
le name of " beniole," from which, after repeated experiments, 
;hese splendid colours have been obtained. I will show you the 
tsnnation of one of these fine colours in this vase of water. I 
tve here some of the substances from which these colours are 
olourless liquids, and if I pour a few drops of each 
iCo the vase of water, you will see what a powerful colour will be 
nyarted to the water in a few minutes. I can make it as dark as 
ptease. This is the colour called " magenta," which is valuable 
ir .dyeing purposes. I can also dye this piece of wool widi the 
aagenta colour. 'I'hus, then, we have a second example of the 
to which these waste products are converted by the aid of 
;ooe. From hydro-chloric acid we get bleaching powder, to 
lie our calicoes white ; and from coal-tar we get these splendid 
::9kHin for dyeing our calicoes, woollens, and silks. 

"In conclusion, I have only to say that I have been much 
ifcased with the attention of my audiences, and 1 hope that the 
and illustrations which I have brought forward will have 
ed in your minds an interest in the science of chemistry, and 
Ldeeire to pursue its study further. 1 have to state that Dr. 
Ueock will say a few words about his lectures on Zoology which 
has kindly undertaken to deliver here, commencing on Wcd- 



they all regretted that Professor 
's lectures were finished. They must have learnt from them 
many facts in illustration of the laws of nature and the 
tppUeation of them to scientific purposes. Professor Roscoe had 
* • —— ' ' Utero in a simple manner those illustrations of the advance* 
of icience which would have been gladly received by the 
1 tnen of any past age, but they were beyond their teach. 
Iirthit age science was within the reach of cifryone. It woi^d 
»»-diaadvantafe to bim to follow ProIcsfiOt ?yi5Koe, Ni-iA \& 
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should do his best to interest his auditors. His subject would ti 
Zoology, or a knowledge of the animal kingdom. Four lecture 
would be given, one being devoted to each of four plans upa 
which animals were formed ; and these four plans would lead to ; 
comprehension of the fifth plan, after which man himself wa 
made. These lectures would also lead to a better understandioi 
of Dr. Morgan's lectures on Physiology, which were to foUoi 
Dr. Alcock added that his first lecture would be about animah 
that were made of nothing but soft jelly, and had no organs c 
any kind, and he should show what they did, what they were like 
and how great was their influence in the world. 

On the motion of a Working-man, who said he had come i 
considerable distance to attend these lectures, thanks were moi 
cordially voted to Professor Roscoe for the pains he had taken ii 
elucidating the science of chemistry, and the pleasing manner i| 
which he had imparted his knowledge. 

Professor Roscoe, in reply, said he was rewarded by thei 
attention, and by the manifest interest which had been created b 
the study of the science to which he devoted himself. 
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LECTURE I. 

PLAN, — Jeli.v-ltke Animals.— Life wiTtiovi 
Orgams. 

lUCTION. — Geneial view of the mmcral world; natUiW^I 
a. Water and air the two elements in which living 
bnngs can exist.^ — No life without water. Living beings are either 
Planla or Animals. Nature of living beings— what they are made of, 
and how ihey differ from lifeless mineral substances. Characters of a 
Plant. Characters of .-in Animal. 

Several plans of the Animal Creation. First Plan. — Body of tile 
Animal made of nothing but soft jcUy. Examples of such animals, 
Amceba or Proteus Animalcule, Actinophrys or Sun Animalcule, both 
ponds and ditches ; description of each, habits of lifi. ; 
stomach ; digestion of the tcod. Foramini- 
a similar kind h-it coveted with a shell. 
imal and its shell ; meaning of the name Forami- 
lety of beautiful fo'ms. GtD*th and manner of 
formation and chenical composition of the shell. Countless miiltitudi^s 
of them — the sand of the se.i-shore, in some places, little else besides 
ipty shells. Bed of the ocean covered with them in many 
. great depth. Chalk rocks composed of them. Great effecta 
by what appear at first siyht (rilling eniises. Nothing insig- 
n Nature. Sponges, the soft living part and the skeleton. 
kinds differing in the structure of the skeleton— Cotntijii 
Other kinds not fit for household use. Inl'&'iQVui. vc \ 



feeding, without 
fcTA are 
Description of ihc 
nifera. Endless v 





'%niina!ciilei j mean'ng of tlie tiAma, StJgnanl water full atH 
D.'scripiion. Miny kiadi. Bull Anitnalcule. Trumpet Animalcule. I 
Use of these creatures in the economy of Nature. Life without oigans. | 
What is meant by orgrtiiisation. Life a cause of organisation, but not fl 
» consequence of IL 



Da, Alcock said, my iricndj, if a man ever finds lime to' 
Hii from his work, he may see that there is aro'ind him A vroa- 
'L-iful creation, in every pan ol which there is motion and change, 
and every change is an advance towatiis sometb'ng more perfect 
I'hese changes take place with such order and regularity, that most 
people do not see that anything is happening ; it is only when 
you look closely into natuie that you find all is activity, and there. 
is nothing like stagnation anywhere. You had ilbistrations given 
in the lectures by Professor Roscoe that these changes which are 
always going on, occur in perfect order, so that I'nd^r the samo 
circumstances the same thing always happens, aud this is so 
strictly the case that they are said to be illiistranons of natural 
law. Now these natural laws are of the greatest importance for 
us to understand. I am sure that you believp ttiis so far as 
chemistry is concerned, for you have seen that we are able 
to make substances of great commercial value by talcing advan- 
tage of these laws, and that the want of full knowledge of them 
may cause people to suffer .greatly from injuriou=i things, as from 
waste hydro-chloric acid, until it was got rid of in the formation of" 
bleaching powders. I merely mention this to show that you are., 
already acquainted with the importance of a knowledge of natural' 
law. With regard to life in connection with externl circumstances, 
I shall not be able to sliow you so clearly the importance of B 
knowledge of the laws regulating these things ; but I think I can 
convince you of their importance by simply telling you what yott 
know very wcl!,^that your life and health are the most valuable I 
things you possess ; anything, therefore, which will assist you W 
tinderstand the laws which govern life and health in connectioft 
with external circumstances, must be of the greatest valvn, 

Supi>osing a man becomes alive to what is going on around 
iJm, he ivill take a wide and extended view of this world upoB 
" ' av are placed, snd will see that U ia % gieA.X 'ca^lwl, masE o( 
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.bstance hanging Tree in Ihe heavens ; and, if seen from a 

, shining like a star. I will sliow you upon Ihe screen a 

iph of the moon, which will give you an idea of what will 

, appearance of our earth if seen through a telescope from 

[.other planet. I show you the moon, because with everj' 

■' to satisfy me and you, Mr. Brothers was not able to fix his 

a upon any place where he could photograph the earth, 

Vou will see it is a great round ball of solid substance, 
made uneven by mountains and valleys. If it were the 
earth we should have upon it, in addition, a great body 
of wattr, forming our oceans and seas, and above ihat there 
would he a layer of gaseous matter, which we call the air or 
atmosphere. \Vc have on our earth, then, illustrations on a large 
scale of the three states in which material substances can e.tist, 
namely, the solid, the liquid, and the gaseous state. Now, though 
i cannot show you a true portrait of the earth, I nill give you a 
picture of its shadow from which you may see that it is really 
globular. I will show you a photograph of an eclipse of the moon 
where the shadow of the earth cuts off a portion of the full moon, 
a.ntl tJiis shadow, as you may see, is cast by a round body. 

Let us now consider the solid material of the earth for ii 
nranient. The sohd substance of which the earth is formed has a 
very uneven surface ; in some places it rises high into mountains, 
and in others there are deep holloiis. You have here represented a 
portionof the earth's surface, taken from Shetland, a bieak, inclement 
sort-of place. This is an example of. the solid crust of the earth,- 
irithout anything fmther ; it is what I may call the bare bones of 
the amli, consisting of rock, and this is the floor upon wliich all 
Rfiog things have to exist. We should bear in mind that there 
are many arrangements in connection with the earth, taken as a 
wbole, which are esseniial to the existence of hving beings. In 
tbo first place the earth turns round the sun once a year.'and in 
that way gets that regular and constant supply of light and heat 
wUch is necessary to all life. Then the earth tumsround u|)on its 
Own centre once in twenty-four hours, giving lis the alternations ot 
da^ and night, an arrangement equally necessary for life and 
baalth. Then again there is one thing in the position of the earth 
vhick you will have noticed, it is that the axis upon which it tUrns, 
iaattaa of being upright, slants a little ; you might almost suppoM 
it happened by chance, but it is that slanting of the axis Af fh* 
(ulh which gives us the varied seasons of the year, and in itl pt<H 
babUtty the very existence of life upon the eattii', fot SS fee twC* 
mn perpeiidicida r, a// (he central parts woy,\A ^e\, \Qi^'i.«^'\>-^ ft^* 



sun's heat, aiul be iiitoleraltly hot, while the remairkder 
eternally frozen and unbearablj' cold. The probability, is, then 
that if the earth instead of being tilted was straight up, there would 
■ not be a living thing upon its surface. 

I have told you there is a great deal of water upon the earth, in 
the oceans which occupy so large a part of its surface. But the 
water does not remain in the sea. I lold you that there is a, 
gaseous atmosphere surrounding the earth, and it is n property of 
water that it is continually rising into tliis atmosphere, and sfttu- 
lating the air until it collects in the form of drops, through being 
made colder in the upper regions, when it falls down in showeis, 
keeping the whole of the earth's .surface moist. I show you here 
it view of glaciei's in the Alps. You see at the tops of those 
mountains what enormous masses there are of frozen water, every 
particle ofwhich has been conveyed up in a state of vapour into the 
higher regions of the air, and has then fallen in the shape of snow. 
In most cases when the cold is not so great, the water runs down 
in streams and rivers, fertilizing the earth's surface, and making it 
possible for things to live upon the land. Now water and air form 
the nvo elements in which living things can exist. Water is essen- 
tial to all life ; and even those animals and plants which live upon 
dry land, as we call it, still depend upon water for their existence. 
They derive all their food either directly or indirectly from sub- 
stances which are naturally dissolved in water, and their bodies are 
built up in water, so that even the driest looking creatures are 
always saturated with it. 

Living things are either plants or animals, and I shall have to 
tell you how to distinguish between the two. 

This picture represent a plant and an animal^il is a bull 
standing under an oak tree — and you can readily tell which is the 
plant and which is the animal ; but those who have studied this 
matter most closely, have found great difficulty sometimes in 
liearjy distinguishing plants from animals ; not, of course, in such 
a case as this, but when Iheir charactL'rs are of a much more 
indefinite nature. I shall show you now a water object, arach- 
noidiscus, and you will see what the nature of this difficulty is, for 
you vfi\l he unable to say whether it is plant or animal. The dLs- 1 
tinction between a bull and an oak is clear enough, and if I had 
to tell you in what they diSer, I might say that the bull contains 
a quantity of muscle and ner^'e substance, and tliat the tree does 
not ; no vegetable contains muscle and ner\'e ; but then a great 
inany animals that are low in the scale are equally without them, 
yiiuf tvuler object is a Jiving thing, and it will serve to iltufitiat? 




^HpRh^ractcr.s liy whith living ihiiigs, wliethci- animal 6 
^^are disringuished from mineral substances. It springs ftom a 
germ which requires parents similar to itself for its production, 
and that germ has the power of unfolding, and at the same time 
enlarging and drawing into itself materials from outside, and 
building them up into the form peculiar to itself. Every living 
thing is composed of three or four gaseous elements — carbon, 
oxj^en, hydrogen, and nitrogen; sometimes the nitrogen is 
omitted, To these a few other substances arc often added, such 
as salts of lime, soda, potash, and small quantities of sulphur and 
phosphorus. I,iving things exist only for a time, during which 
ihey pass through a set of progressive changes ; they grow till 
they reach their fiill size and perfection ; then their powers begin 
to decline, and at last they die, and the materials of their bodies 
disperse ; but before this happens they produce germs, which 
grow into new living forms like themselves. 

Now for the distinction between a plant and an animal. Plants 
derive all the materials of which they are composed from tlie 
inineTal world, and take it in by their roots and their general sur- 
lacc in a stale of solution. The food of plants is carbonic acid, 
ammonia, and water. Plants continue to grow as long as they 
live, for they are constmtly adding new materia! to their substance, 
while most of that which is once deposited is retained. The duty of 
plants is to convert mineral matter into compounds, suitable for the 
ft>od of animals, and to store it up for their use. The chief part of 
their substance is composed of compounds of carbon, hydrogen, 
and oxygen united together. Animals have all parts of their body 
sendtive, and capable of contraction and movement, every part 
is constantly active, and this activity causes waste of all the struc- 
tures of the body, which require to be continually repaired by 
fre^ material. Animals grow only for a certain time, after which, 
though they continue to take in food, all of it goes to replace 
wasted and worn-out material. The food of animals always con 
suns of substances which liave been already compounded as parts 
of living bodies, either animal or vegetable, and it is re- 
ceived into the interior of the body through an opening on the 
iur£ioc. It is then digested and conveyed to all x)arts to iiouiish 
Ihetn. 

The composition of animal bodies is carbon, oxygen, hydrogen, 
and lutrogeD, four elements combined together ; whereas there are 
only three in plants generally speaking. The surface of the bodies, 
of animals is also sensitive, so that they can feel external impres- 
^On, and often they hai'e, in addition, the senses ot s' ' ~ ' 
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and taste, but not always. Those are flie clistiii4;tieiH 
planis and animals. ■■' 

I intend in these lectures to give you a. descriplion of four of 
the plans upon whicli animals are formed. The first is the one I 
shall speak of to-night ; it is a plan without a plan, for the 
body in this case is a mere mass of jelly without any atructure or 
form in it. The second plan, which I shall speak of nest wedt, 13 
the radiate plan, as you see it in the common star fish. You havo 
this plan architecturally in the model prison, with the gapenu>r'« 
house in Uie centre, and tlic wards branching out like rays. The 
third plan is the locomotive plan, which you may comjiare- with ft 
railway train, consisting of a number of similar pieces set end n 
end in a row, as in a worm or a centipede. The fourth and last 
plan is what we may call the soup-kitchen plan, such as you have 
ill the mollusca or shellfish, where the digestive and sccretii^; 
organs take the first place, and everything else is made of secondaiy 
importance- 

To-night I have to explain the jelly plan, where there is niti 
distinct plan at all ; but life is contained in something that is 
almost without form. The body of the. animal in this case is 
nothing but a little spot of soft jelly, and might be compared to 
a drop of thin gum water. Vou have plenty of examples of sucli 
animals, and I shall show you some of them on the screen. TTtey 
are very couiraon in all stagnant water. I have chosen for my 
illustrations one which is named amceba, or the proteus animat 
cule^so called, because it is always changing its form, and yoii 
never see it alike two moments together; and the actiuophrys, or 
Nun animalcule, because it has rays like the smi. First, with 
regard to this amceba, it is very common in stagnant water where 
(here is a good deal of decaying vegetation. If you look at it 
under tlie microscope, you will see that it soon bej^ins to push out 
some part of its jelly-hke body like a great broad finger, then tjje 
rest of the body seems to flow into that projecting pai't, and so'by 
,ind by the whole body moves to that place. Sometimes the 
]>rojecticu comes out in another part J sometimes five or six 
l>rojcctions stand out at once ; so it is always changing its fomi. 
As yofl sec it on the screen, you have a fair idea of what it is 
tike; on tlie outside of it there is a thin dark line representing 
the surface, and dien rather a (inner layer of jelly before getting 
to the inside. The surface layer of the jelly is a little thicl»er 
than the rest. The way in which this creature takes its food is to 
tvaik into it wherever it meets with it, for it no sooner comes into 
vonmct with anypartich$ of decaying vegeuWe « a,nim3,l toMlcr 
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spreads over lliose particles, and endoscs them.'.. 
lh« body, where they are digested as if the creature had a pro|jci 
mouth and stomach. The actinophrys does just tlie same, onij 
iOBtead of moving ahout it generally remains still, spreads out ils 
long rays like a spider's web, and catches anything which touches 
Uie Uireails. The actinophrj's, also, is found in stagnant waters. 
It is able to catch very active living things. If one of these active 
creKtures, such as a small water fica, touches one of the rays of the 
»ctinophn-s, it is stopped in a moment; you then see it slide 
tfown until it touclies the body, it sinks into the jelly until it is 
oovered over and is buried inside. In both these cases you see 
that the food is taken in without a mouih and digested without a 
ttomech. This is digestion in its simplest form. You can see 
the whole process of tJie solution and absorption of the food, and 
its diffusion through the body. These creatures can be found 
in (dmosl any ditch in our own neighbourhood. 

I DOW have to speak of creatures like these, but found in the 
Ka. They are called foraminifera, and I have represented one 
npoD the screen. You will see that long threads project from the 
body of these foraminifera, as they did from the actinophrys 
or ntn animalcule ; but there is a peculiarity here, and it is that 
the body is co^'ered with a beautiful shdl. The animal is com- 
posed of nothing but soft jelly; there are no organs or parts in 
It. It puts out long threads of its otvn substance [soft jelly) In all 
dficctions, and they are bo soft that wherever two of the threads 
lAUch they blend, and so you have a sort of irregular net work 
fotmed round the animal. 1'his net work is spread out to catch 
ttB food, and whatever touches the net is drawn into the body and 
fsaelved for nourishment. The shells of these creatures are of 
lUI manner of beautiful shapes, and it is wonderful that this soft 
jelly can produce sucli regular forms. The shell is niade of 
Caitonate of lime, which is derived from the sea water, and it is 
deposited by the animal. To do this the jelly must form itself 
into a regubr shape; it may be the thape of a bottle or some 
Other shape, such as those you see on the screen, and it must 
lODUn stationary, acting as a mould while the carbonate of lime 
crjMalilcs, as it were, over the surface. In that way die creature 
■MS a covering of shell from lime derived from tlie sL'a water. 
Yoo will notice in some of those cases that the shell does not 
eOQSlfti of one chamber only, but of many. These foraminifera 
- - - nourishment they take in, and to accommodate 
/ now and then add a iVesh aiiartmcnt to their 
cgin mOi a little chamber) atii 3.^4 \,ti« o'Casi^, *»» 



by one, as (hcy grow bi^er. You will see that i*IiSr' 

formation of the shell in necessary, because it is fonnud upon the' 
surface of the animal, which makes itself a mould for the shell; 
so thit as soon as ever the shell is made the animal is big enough, 
to fill it, and it no sooner grows than its house becomes too small, 
the additional soft jelly is then spread on the outside of the shdl 
until there is enough of it to fill a new chamber. Thus the forami- 
niferagrow by feeding and adding new rooms to tiieir house a« 
required, and in that way beautiful many-charabered sheJls are 
formed, some of them like the nautilus shell. The pictures I show 
of these shells will give you some idea of the variety and beauty of 
their shapes. The name foraminifera has been given to iheffl 
because of the many little holes or foramina with which the shells 
are perforated. 

These foraminifera exist in prodigious numbers in the sea. 
They are quite microscopical things. In many places the sand of 
the sea-shore is scarcely anthing else but these shells, and you 
would trample it under foot without suspecting the thousand forms 
of beauty it contained. All those little atoms were once inhabited 
by hving things, which have produced those "beautiful form?. 
'J'here is one place on the West Coast of Ireland, from which I 
liave received quantities af these shells, and the whole of the stA 
shore is composed of nothing but these remains of foraminifaa. 
At that spot you may walk for miles upon them, and at every step 
would trample upon thousands. Not only the sea-shore, but ili 
whole bed of the ocean is in many parts formed of them. The 
Led of the .■Vtlautic for instance, all the way where deep sea soundm^ 
look place in preparation for laying the telegraphs, is filled with 
these minute shells, which exist at the bottom of the sea in the 
form of a while paste, (ike soft chalk, many of the shells being 
broken up by the action of the «'ater. It is a fact that the chalk 
rocks, which in some places are very extensive, are composed 
almost entirely of these foraminifera. Not only chalk rocks, but 
many other geological formations, including different kinds of clay, 
often contain immense numbers of these shells of foraminifera; 
and there is every probability that many kinds of limestone are 
formed chiefly of their remains. Limestone of different kinds , 
is of the greatest value to us in a commercial point of view; we ' 
use it for building-stone, for mortar, and for many other purposes, 
and it is well to remember that all this stone is in great part the 
oroduct of these apparently insignificant creatures. The next 
picture represents a piece of beautili]! marble statuary, and I have 

M 
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iBIfed it. as Ml example of one of the Inghest purposes wliich 
Hldcslone is made to serve. Marble is limestone in a crystalline 
Sana. Some of our marbles, like that of Derbyshire, are formed 
&om the remains of larger kinds of fossil animals, giving to it when 
polished, its peculiar markings. Other marbles consist of cryslal- 
Uxed limestone, altered since its first formation, so that the 
Animals to which it owes its origin can no longer be recognised, 
•&d of tills kind the pnre white marble used for statuary is an 
example. 

You see in an example like this to what important uses httie 
thiugs are turned in nature. Do not think that the work is 
done when life is ended. These creatures lived perhaps niilhons 
of years ago, and died, and there it might appear was an end of 
ihem. They sank to the bottom of the sea, and if any man had 
seen ihem he might naturally suppose that all was over with them, 
but they were ihen beginning to form this limestone in the bed of 
the sea. Changes have taken place since, and that stone, having 
become hardened, is now one of our most useful substances. We 
may learn then from tliisdiat there is nothing insignificant in nature; 
there is nothing so small that we should overlook it. The large 
things ihit we notice first are few in number comparatively; and 
their influence is comparatively small, it is the little things that we 
can scarcely see that by their prodigious numbers really produce 
the greatest effects. This is the case with the little creatures of 
which I have been speaking, the numbers of which are so im- 
mcDse that ihey have produced perhaps greater effects upon our 
giOht than any other living beings. 

I must now say a few words about sponge, with the appearance 
of which you arc well acquainted in its commercial form. There 
are many kinds of sponge, but only a few that are useful lo us. 
AVhat you know as sponge is the skeleton ; it consists of a horny 
substance forming a. fine network which is very elastic, so that if 
ytnt squeeze it, it springs open, as soon as you let it go, and If put 
mto water, it sucks the water up until the sponge is filled ; hence its 
tis& The sponge when in a livingstate, was a collection of little ani- 
nab like the amteba, and these little animals, growing in a large 
oonuany, have the power of forming within them a framework, u]>on 
whioi they are supported, so that they can live together as a colony. 
'Itiere are some sets of these small animals in the sponge with 
Ultle tails, and these tails or filaments are always moving in a 
funicular manner, which draivs water through small holes on the 
furliKe pf tliB sponge- and this water nftet passm^ lK'K)^i.'^ «U> 




^arts comes out ngaJn in streams from a few larger opentngS'l 
Tided for the puqjosc. In drawing in tlie water in this way, 
the sponge animals draw in at the same time the little living 
creatures in the water, and so get their nourishment Maajr 
sponges are not useful for household purposes, because,- 
besides the horny substance, their network contains a greftti 
number of spicules made of carbonate of lime or of flint, but 
these form beautiful objects for examination under the microscoM.! 
I shall next pass on to tlic infusoria, or water animalcules^ n 
which exist in enormous numbers in every stagnant pool. Theyare;, 
called infusoria for this reason — if you make an infusion of lea, hay, n 
and any other vegetable matter, that is, pour boiling water upoa| 
it, after letting it stand for a few days, you will find the infusion ffaUj 
of living things. If you take a drop ofit, you will find it to contain 
thousands of these little creatures swimming about There are a j 
a great many dilferent kinds of them, some larger and sotseS 
smaller; those you get by infusion at first are very small, and! 
called monads. I shall show you a diagram of one of the larger 
kinds. You will perceive thit this animal is very much tike We 
amceba io its general character. It has rallier a linn outside 
coating, and the inside is of soft jelly, but the body baa 
a thin skin, and is covered on the surface by hajrs. 
In one part of the body there is a sort of funnel-like 
opening, and tliat is the month. 'I'hese infusoria have a 
month, and in that they differ from the creatures I spoke <rf 
before ; they are considered, in consequence of this mouth, to be 
a good deal higher in the scale of animal life. The moutit 
is surrounded by hairs as well as the body covered by them, and 
the hairs continually vibrate. By the motion of the hairs on the 
body, these creatures can swim rapidly through the water, and by 
the motion of the hairs about the mouth they draw water into the 
funnel, and along withitthelittJecreatures that sert'C them as food. 
They go in through that funnel to the bottom, drop into the solt 
jelly, and there become digested as in the amceba. That is the 
general character of all the infusoria. There are many beautiful 
forms of them which can be seen with a microscope. I will 
show diagrams of two forms in order that you may have some 
idea of what they are like. Many of them are shaped like 
beautiful little bells, and some of them grow together on stalks 
like lily of the valley flowers ; these stalks are attached to water 
plants. The drawings I show are of course greatly magnified- 
The bell animalcules are most beautiful objects to watch und^ 
the microscope ; tliey take their iooi m fti^e wa-^nw bttgre 
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yHSomciimus a itirger piece tliau usual- goes into the 
loouUi of one of them and seems to choke it ; suddenly it sliub 
D[), and it is pretty to see bow all tlie other litilii bells on llip 
same slalk synipatliise witfi it, and slirink up tlieir flowers, tlie 
BtaUis at the same time contracting and twisting into a corkscicw 
shape, so that what was before a large spray of beautiful flowers 
.becomes a close bunch of shut up buds. After a time they 
gratlually unfold themselves, tlie bells open out, the hairs vibrate, 
Aod the streams of water -enter as before. The lower picture 
tepresents the trumpet animalcule, so called becaase it looks like 
a trumpet. The character is the same as tbat of the others, but 
there is no slender stalk, the body itself being fixed lo some solid 
BUbetance. It is very interesting to watch these creatures, and 
you can see a great portion of their mode of life by watching them 
ft^rhalfaD hour now and tlien. Sometimes you may see that one of 
4he bella is beginning to split down the middle and form into two. 
AAcr a time, one of the two will break off and swim through the 
^tttei as a tree and separate cieature, aud in tliat way tliey multiply 
10 a great extent. 

Now, what is the use of all these infusoria which fill our 
VUlpuuit pools ? I think their use is clear enough. They are 
lbuo4 where there is vegetable matter in a slate of decay, and 
which would soon make all the water putrid and bad, so thai it 
poilld become very unhealthy and disagreeable, if not actually 
poisonous. See here, again, how these litde things — which are so 
nuall thai we have to use a powerful microscope to see thera — 
keep the whole earth sweet by their coundess numbers, and their 
constant consumption of decaying organic matters. 

Now in this lecture I have shown you creatm-es which illustrate 
my text of Life without organs. I have shown you that Uiese 
microscopic jelly-like beings are alive. We can see that they 
have life in them, but we cannot tell how or why it is so. This 
shows you a very important fact to remember — that life does not 
depend upon organs such as we have; it does not depend upon 
stomach, bones, muscle, and bram, excepting where the lile is of 
a high order, where it becomes necessary there should be a division 
of labour, one part of the body performing one duty, and anoilier 
part another duty; but it is not necessary for the presence of life 
Ihat the body should be divided into organs. 

1 may say one word about organisation and ii'hat is meant by it. 
An organisation is a body formed of organs, and an organ is a 
ftructurc having a distinct or proper duty or function to perform, 
Vbichit dpw/ortJje^oodofall the reiwUHi\gaiii,a.u^'vtt>\\'tVA'i. 



^«we of division ol Uboui'. All animals are genennq ^ 
to be organized; I have shown you that these lowest are not 
organized, in the sense of possessing organs ; and there are 
many things organized besides animals. A steam engine ij 
an organization, for each part of it has a distinct function 
to perform, and does it in connection with all the rest, 
just as is the case with the different organs of a man's body. Do 
not confound organization with life. Life can exist without oi^n- 
ization, and organization can exist without life ; but wherever you 
have life of a high order, there you have organization, because you 
require a division of labour in the body in order thAt it shall 
rightly perform its functions. 

In conclusion, I wiU show you a drop of water from a pond, 
with some live things in it ; but first 1 would explain that the water, 
you drink has nothing of this kind in it at atl; they are only fouiidi 
wh-jre there is decaying animal or vegetable matter, and they afei 
there because their business is to eat it. You see they are very I 
active about their work of eating up the dirt, and you have a] 
proof how well they perform their duty in the fact that if you have { 
an aquarium, and keep the water in it for months in the house, it I 
does not smell, because these active creatures are continually 
eating up the decaying matters, and keeping it fresh and swecL 
I believe I am telling nothing but the simple truth, when I say I 
that the possibility of the existence of higher forms of life upon 1 
the earth depends very much upon these microscopic. being! I 
which keep the waters pure. ' 
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LECTURE XI. 

fcOND LECTURE.— Star-*;h APED Amimals— STO%rACH. 

I plan of structure. Body consists of repetitions of similar 

pans aiTjngcd round the mouth and storaacli. Fresh-watcr Hydra, 

Comman in ponds DascripiioiL It uses its arms or rays like a 

fisbing-rod and line to take food. Means by wbicli it secures its prey. 

Produces young ones by buds growing out from the body. — Marine 

Zoophytes, common on all sliorcs. Plant-like compound animal. 

Rnembles a large colony ot Hydras, remaining altached to one 

another and having the surface of their bodies hard and horny. — 

JeDy-fislics ; must be seen swimming in the water to be understood^ 

^ Jtttcription. Small quantity of animal matter contained in them. 

^■■jta^g organs ; their structure and use.^Sea Anemones common 

^^^^BQ rocky or stony shores. Description ; structure, stomach 

^^^^Bbed within the cavity of the body. — Sea Anemones at Fleet- 

^^^Wfl, Blackpool, Llandudno, and Beaumaris. Madrepore ; com- 

pound Anemones, with their bodies strengthened by deposits of 

orboiute of lime. Coral Reefs. Gorgonia, Red Coral. — Starfish ; 

description, body extending in rays around the mouth. Nature of 

locoiaotive organs. Habits and food. The Starfish a walking 

itamich. Many kinds of them, Sand Stars, Brittle Sl^rs. Dredging 

n the Mcnai Straits. Brittle-stars breaking off their arms. Vege- 

Mive npetiiioa of parts a sign of low organisation. Lost parts ot 

Stt^Rsh grnw again. — Sea Urchin. Description, Habits and food. 

Itf locomotive organs ; spines and suckers, Pediccllarise, singular 

frgam lo drive away parasites. Moutt> and iceih of Sea Ut(:b,vc^ 

i>ige*ii>v orssns.~Con<:}usion. 
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You remember that towards tlie end of ray last lectUM, 
u about the Uilusorta, and I showed you that they have s mouihj 
iu>;h ail the interior of tlieir body is soft jelly. In animals raadi 
on the radiate plan, such as [ have to speak of to-nigiit, tliere is a 
stomach as well as a mouth, and this stomach is clearly a matter Of 
great importance in iheui. It is a chamber or hollow in which ths 
food is received to be digested, and tJie liquid mitriraeat whk^ 
results from digestion ])asses through these walls, atid is then dis« 
trihuted through all parts of the body. The common starfish willi 
give you a good idea of the plan of structure of a radiate anitnftl.) 
The mouth and the stomach arc in the centre, and round these 
are arranged all the other parts of the body, and they stand out 
lik« rays in all directions. Vou may form a pretty correct notion 
of the manner of life of these animals if you have seen a lot of 
boys about a bonfire. You have seen that the boys stand round 
the fire in a ring, and go as near to it as they dare, in order to get 
equal shares of the fire and the fun ; then, if you watch ihein for » 
time, you will see that first one and then another of them will 
be collecting fresh fuel, and throwing it on, so as to keep up thC. 
blaze. This is jiist the use of the projecting parts of a stariisb, <S. 
other radiate animal; they are servants of the stomach, and th^ 
jire continually seeking articles of food, to be put into the mout^. 
Now, the first radiate animal that I shall show you to-ni^t 
is one which is common in the ponds in this neighbourhood, 
and it is called the fresh-water hydra. I shall show you one 
on the screen. Mr. Brothers has been kind enough to obtahii 
the specimen for me, and put it in a suitable slide for showing 
upon the screen with the lantern. There are several kinds 0^ 
fresh-water hydra, whicli ate distinguished by their colour; some 
of them being green, and others of a brownish colour, and by tJW 
length of their arras, one kind being remarkable for ha\-ing mf 
long arms. This which I show is one with anns of an itaet* 
mediate length. Though they are common enough, not many of 
you probably have had an opportunity of seeing them. It now 
begins to lengthen itself. Vou wHl see that the creature is 
formed with a rather slender body, and that from one end of this 
body proceed a number of raj's or arms. These arras have thd 
power of lengthening themselves, so that they become quits 
slender threads. In this case you have a young one growing from 
the body of the larger hydra; it may be seen standing out like A 
bud from the side of a plant. These hydras all through the sum* 
mer produce young ones in this way. At first they are very small,, 
suef have no part/cu/ar form iu them \ but as they grow larget 
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6t rays spring out from tlie eni5, and aj 

te the perfect form of the hyclra, but are still attached to 

It ; as soon, however, as they become perfect animals, they 

from the parent, and begin life on their own account. 

in this specimen the arms are very broadly spread out in 

. te form from one end of the animal. The centre of thesa 

the mouth, and in the inside of the body is excavated a 

which is the stomach. 

I hydra is a fishing animal, and its rays serve it for rod aiid 
Whatever little swimming creature touches one of thesa 
. distantly caught ; then you will find that the ray shrinks up, 
'" its prey along with it. until the object caught is conveyed 
to the mouth, and it is then pushed into the cavity of the 
. There is one kind of hydra occasionally met with in 
ieighbourhood, but not so commonly as the one I hava 
3, which has very long arms ; the body is about tliree- quarters 
of an inch long, and the amis are four inches or more in 
length. It is called hydra fusca. This creature uses its rays 
SO exactly tike a rod and line, that I have often thought an ardent 
angler might tind excellent sport by watching these hydras at 
booic, when the weather or other circumstances prevented him from 
using the rod and line for himself. They do their fishing, really, 
In a. most scientific manner. If you watch these animals feeding, 
yoa will very naturally wonder how it happens that active little 
swimming creatures should be so instantly caught by those delicate 
threads of the hydra. Whatever part of the thread is touched by 
one of these creatures it instantly sticks there, Now, you must 
remember that these rays are not made of soft jelly, as was the 
case with the animals I spoke of last week. They are pretty firm 
in their substance, and if you magnify them very greatly, you find 
hov H is that they catch their prey. You find then that there is a 
VeiT curious mechanism for the purpose. These slender rays 
Vhtch 9cn-e for fishing lines, are covered all the way down with 
little cells or bags, each having inside of it a long, stiff, spiral 
thmuH, and these spiral threads in the cells are kept set like so 
muijr traps, and they are no sooner touched than they go off; out 
sfcooH (ho -ipiral thread, and wraps round and entangles the prey, 

-' ■• "V- H- up against the arm of the hydra, and at the same 

someh" ' ■' ■ - ■ • ' 
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1 this way, the object caught is securely fixed, 
■. are really very interesting litde creatures, and they 
f-jvr wrveil ibr a great number of curious experiments. Yovi. tokj 



take a hydra, for insiaiice, liSe one of those you *« on the 

and cut it up Into little bits, and it is found that every one of thesi 
bits will not only live, but after a lime will grow into a pcrfert 
and complete hydra, having rays at one end, and a sucker at the 
other, 'rhe sucker is intended for the animal to fix itself upon 
any object, for the purpose of fishing convenient^. If, then, yoii 
happen to have only one hydra, and wish to have many, you havtt 
only to cut him up, and you may make as many as you please. 
You have seen in the specimen shown on the screen, that the 
hydra produces youDg by buds growing out from its body. These 
continue to grow until they get to a tolerable size, and when ftilly 
able to work for their living, they break off from the parent; and 
set up in the business of fishing on their own account. In this 
way, by the production of buds, the hydras continue to multiply 
all through the summer, but towards winter th&y produce yaung 
ones by eggs, which remain until spring, when they are hatcheij 
and so continue the race. 

The sea contains immense numbers of creature? nearly related 
to the fresh-water hydra ; those which are most noticed by people 
who go to the sea-side, are the homy zoophytes. These horny 
zoophytes — one of which I can show you on the screen— ^are 
objects which you may .see tuml)led about by the tide on any shore, 
and they are very much like plants. They are of a pale yellow^ 
colour, of a homy texture, and are very much divided into slender 
stems and branches. What you thus find on the shore are the 
skeletons and remains of the outside part of large colonies of 
hydra-like creatures, which form buds in the same way as the 
fresh-water hydra, but these buds, instead of breaking away nh^ 
fully formed, remain attached to the parent, and so a large colony 
of compound animals is formed. The object nearest to me on 
the screen is a little twig from the top of one of these homy 
zoophytes. At the extreme points of the twig you will see a little 
flower-hke object, similar to the rays of the fresh-water hydra. 
These are the rays which surround one of the mouths of this 
zoophyte, and beyond the mouth is a s—all stomach. Tiiey grow 
in great numbers together, and nre connected by the stems, all 
along which you have hollow tubes whicu are filkd 'vith the nuoi- 
ent material from all the stomachs of these animals t.bat are thus 
growing together ; and they form a sort of co-operative store, to 
which all contribute their share, and from which all can take what 
they require. These plant-like, compound animals are very com- 
pion upon all our shores. You may find plenty of them at Soudh 
jEJC/-^ OJid on the sands al Lytham. At Beaumaris you may sec 



objects living and attached to the rocks and. stouts, whei* 
they naturally grow ; and you could not have, I think, a more 
beaittiful sight than you may obtain at Beaumaris, by wading into 
the water, when the tide is fully out, up to your knees, and then 
walkmg along in a line parallel with the shore. For miles you may 
go through groves of these living plant-like animals and sea-weeds ; 
anong them, you will see all manner of airious and beautiful sea 
cfeattiKs, but it is the zoophytes which are there so remarkably 
beandlVil. I should advise you, then, if you ever find yourselves 
ai Beaumaris, just to take this hint, and wade into the sea at 
WtreiMC low water, on a calm day, and you will be well rewarded 
for yotir pains. 

We will now leave these zoophytes, and go on to another class 
0( objects, which have also a radiate or star-like character. If you 
walk upon the sands at Soulhport, you will be pretty sure tu see 
plenty of rather unpleasant-looking objects, like shapeless lumps 
of jelly. These, you know, are commonly called "jelly-fishes." 
Now, these unsightly creatures are amongst the most beautiful 
objects in oattirc 

If you lake the trouble to put one of Ihem into tlie water you will 
nrovc ihis for yourselves. Remember, that these creatures Uve 
M water, and if you would see them in their natural stole, you 
tiUiM see Ihem in it. I have often thought if the fishes were to 
ttkc it into their heads to study natural histoiy, and, in order lo 
CKandtlc the human species were to put us under water to inspect 
U» at leisure, we should cut a very sor^r figure ; to examine the 
leflj" fch out of water is just as wise on our part. If you look at 
tbto creature in its natural condition, as you see it represented 
SOW on tile screen, you behold a creature transparent as glass. 
with a top shaped Uke an umbrella or mushroom, hanging from 
Vflli^ are elegant tassels and tendrils. This is the way tlm 
creature looks when alive, and if you watch its movements in the 
water, you will observe that its way of swimming is by a scries ot 
pl^tBUloits of that umbrella-hke top. The movements of the 
crature are most graceful, and the object itself is really very 
bcantifitl. The way to see these creatures in petfection when 
you -trc- ,11 ilie sea-side, is to choose a perfectly calm day, and go 
'!, and in an idle humour paddle along; you will 
.'babilily, see many of them swimming near the sur- 
i(-:r. lo the Menai Straits I have seen the water 
■ them, and amongst them I once noticed one as 
nmch as a yard across, which is very large for a icW^-fes'tv. "Vr^sri 
ftify-Mies, .IS you know, are said to sting very seveieVi,a."t\4<«\tiW> 



s tliat I have just meniioucc! would, no doubt, te a verji 
aious thing for a swimmer to meet with, liie jcllj'-fishes stJnK bj! 

eaiis of a peculiar mechanism, something like that of the hydnL 

It more complicated. There are what are called " poison cells 

scattered over those tendrils that hang down from the lower part 
of the jelly-fish, the structure of which is this, — inside each cell 
there is a spiral thread and also a poison doit, and wben tbcM 
cells are irritated by anything touching them, the dart and Spiral 
thread are thrown out and pierce the object that comes against 
tliera. ' 

The jelly-fishes are remarkable for the enormous quantity 0^ 
water they contain, and the very small quantity of animal matterit 
This proportion of water is so great that if you take a jelly-fishJ 
weif,'hing two pounds, and drain out the water until it is dry, yOif 
will not have more than thirty grains of solid animal matter left.| 
I dare say you may have heard the story of the farmer who lived 
not far from the sea-shore, and who one day went down ta the 
sea-side to look about him, and, as sometimes happtens, the sou 
had thrown upaprodigiousnumberofthese jelly-fishes, which were 
lying about on the shore. A brilliant idea struck him — that hcTO 
was a chance for him to fertilize his land without the expense off 
buying manure! So ho liurried home, sent down his waggons, and) 
had them loaded with these jelly-fish, which he conveyed homel 
with great labour, and laid them down in his farm-yard. At ihel 
earliest daivn next morning, he looked out to see how his manure 
was getting on, when, to his dismay, he saw nothing at all, and 
im^ined at first that some unprincipled neighbour had carried!' 
away his valuable material in the night ; but on looking more' 
closely, he discovered that, the sea water having drained away, 
there was nothing left but some almost imperceptible films ol 
animal matter ! So large is the quanti^ of water contained inj 
these creatures, and so very small the quantity of animal sub-j 
stauce- 

I must now go on to speak of some other radiate or star-Ultei 
animals, and those 1 shall choose next will be the sea anemones.:' 
I will throw a sea anemone upon the screen, and along with it Si 
number of other radiate animals, so that you will have a group ofi 
these creatures, and they are, as you see, very beautiful objectf,) 
There is great variety in the form of sea anemones. The one yauj 
now see has a body like a tall, straight pillar ; the mouth is, «$\ 
usual, in the centre of the top, and there are long threads hai^ingj 
doiyn fnxn around it j those are rays, liku the rays which surroual] 
/fie mouth gf t/ia fpcsh water hvt\ra, Tto w ^\va iKT^^^s-Utiawct ' 
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all the sea anemones; but in most cases the rays or amn 
BIB much shorter than in the example before you. Most of the 
sea anemones are very much hke flowers. At the base is a sucker- 
like disc, by whicli they attach themselves to rocks and stones. 
You may get a good idea of the structure of the sea anemone by 
compariag it with a poppy-head. 1 dare say you know that if 
yoc cut a poppy-head across, you will have the appearance of an 
outside ring with a number of partitions verging towards tlie 
centre. It is just the same if you cut a sea anemone across, only 
that in the latter you cut also across the stomach, which joins the 
partitions as they come towards the centre, and forms an inner 
ring. You can find sea anemones on almost every sh ore you may gu 
to. I never saw them more beautiful than at Fleetwood. If yoi; 
go down [he river at low water in a boat, and land on any of the 
Bats that are then exposed, you will enjoy a sight thai will well 
repay you. You will see a sort of bed of shingle or stones 
covered with great masses of tlie cases of worms, which live in 
oompany, forming the most extraordinary towns and cities of 
worms. There are thousands and thousands in one mass, and 
they occupy a good portion of the surface of these flats of shingle, 
and between them are pools of water, full of magnificent sea 
■nemoDes, like gardens of the raost beautiful flowers. When I 
was looking at them, and thinking they were almost loo delicalt- 
and jiretty to eat at all, I was shocked to notice a paiticularl) 
chonning one trying to cram into its moudi a mass of food a great 
i|<Kd larger than itself— so greedy are these radiate animals, and 
the 9ea anemones are no exception to that rule. 

Al Blackpool you cannot find many sea anemones, and perhaps 

you will find none, unless you know what to look for; but upon 

the sandy parts of the shore you may pick up some beautiful ones 

thai hiive been detached from rocky ground deep down in the sea 

And thrown upon the loose sand. Wlien found, they look like 

duipdess pieces of flesh, but soon open out in sea water. On 

one occasion, I found a very beautifid one there, fixed finnly oti 

the back of a large crab. I carried home ray capture in triumpli, 

^■ced it in a large glass of sea water, and, during my stay al 

BWifiool. il formed a conspicuous object in the window of my 

■ liie ailmiration of both natives and visitors. At 

. ;■>■ are plenty of them, and at Beaumaris the slioa- i* 

I i.T with tlieni. At Llandudno you may have a grtri 

beautiful ones, and you may see how the same specie ■. 

■ iMr. lhavch;i'iasiiiany8StwevUyt)(\'[vt6a«vtw«V,'i-j.'.V 

-. -ilahHii ^oiver, nnd nol Wo oUUitviRNvYi w<;«jV,\\\ 
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^^^^Rflcli are often vei-y dangerous to navigatio! 
PSil^ls in the Pacific are formed entirely of tliesc coral 
(E^; others are surrounded by rings of coral reef, and these 
Intly afford a safe and welcome anchorage for ships. It 
Ntnnge that creatures individually so insignificant should 
■e.BUch enormous results. 

pB are other creatures I shall have to direct your attention 
B I will at once show you one upon the screen. These 
US differ from the madrepores ; they have a firm, hard 
PP, but it is of a horny substance. The one nearest to me is 
Mown by the name of Venus's Fan. It is a complete network 
py substance. This is the skeleton of a thing which, 
pilive, was coaled over ivith a fleshy animal matter, llie 
Htf which was set with litlle flowers, as it were, each con- 
nf a circle of tentacles or feelers, in the centre of which 
Efiumth leading into a stomach - and the whole of that 
BJua been secreted in the inside of a gruat colony of such 
btuies, which nuke ihat skeleton for their support. The^e 
wed gorgonia, and they lead me to speak of another 
mhich is, perhaps, of more interest — this is the red coral. 
M coral is quite a different thing from the large masses of 
■pK^ which often go hy the name of coral. Red coral is 
K riuleton like that, but made perfectly hard by deposits 
HHiate and phosphate of lime. It is formed by a fleshy 
Bse like the gorgonia, that fleshy substance having imbeitdcil 
beat number of little mouths which draw in nourishment, 
E really the individual animals which produce the wliolc 
KOn this slide you see represented a small piece of 
K^oral) with a part of the skeleton laid bare, showing 
EkDOwn as coral ; the other inirts are covered by a fleshy 
Bp, And scattered here and there upon tliat you see the 
Ewth the flower-like tentacles by which food is taken in. 
Ktt now leave all these compound animals, and say a. few 
B^it the highest group of radiate animals, the starfisheii 
KntreB of tliat kind, which arc always single, individual 
[[lip rt have generally tlie potrer of moving from place to 
Bpiia common star-lish is very abundant at Blackpool ; 
Jg f see it by diousands on the shore; and perhaps one 
Kb its abundance there is that It finds its natural Ibod on 
K^ It feeds upon bivalve shellfish which live buried in ths 
HI' you may find it at any time there busily engaged in cai- 
Het. You see a specimen of this starfish on the screen. 
Kttarfish is literally a walking stomach, IVt "iTO-Nsft A 
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4ie animal is a stomach, and Ihe ravs project from it in tl 
pointed out at llie beginning of the lecture. One thii 
very remarkalnle about these star-fishes, is their extreme 
ncss about their limbs. If you pull one off they dot 
to mind it At Llandudno I saw one so careless that when 
to the side of a perpendicular rock by one ray it allowed Ihi 
wtight of tlie body to break it away, leaving the one ray behind 
sticking on the stone, so little do they mind the loss of a limK 
At Blackpool I have seen one that had all its lays pulled oS, ami 
nothing but the round body in the middle left, and yet it _ 

ing about quite heartily. These star-fishes are so careless about 
tlieir appendages because they have the power of reproducin;, 
ihem; rfiey grow again, and you may often see star-fishes in all 
stages of reproduction of lost limbs. 

There are a great many kinds of star-fish. One of those shown 
oil the screen is called the sand star. In that case the rays nn 
long and slender, so that they are thought to be like the tai!; 
of snakes. Now, this sand star is extremely reckless about its 
appendages; it does not wait for you to pul! them off; ifyouonly 
touch one of them, it snaps it off of its own accord ; and it is very 
difficult to catch one whole. The way pursued by naturalists is to 
take a broad paper-knife, put it under the creature,— taking up 
some sand as well, — dien plunge it into a bucket of fresh water, 
In that way the creature dies instantly, before it knows what you 
are doing, and has not time to snap its rays off. There are other 
kinds of star-fish even more irritable than the sand stars, and they 
are called brittle stars on that account. When I have been dredg- 
ing in the Menai Straits, I have brought up the dredge quite full 
of these brittle stars all matted together, and the sight of them was 
one of the most annoying to a naturalist that can be imagined. 
'j'here they were of every conceivable colour and pattern of marking, 
and all snapping and breaking to bits before my eyes, and no- 
body touching them ! You find in all these star-fishes tcanjr repe- 
titions of the same ]Jarts : that is a number of parts perforramg the 
same functions ; and whenever this is the case you may be sure it 
is the sign of a low organization ; and together with this rei>etition 
of similar parts you find that there is a corresponding power of 
reproduction in them when they are destroyed by any accident. 
If you collect a number of these brittle stars you often find 
some of them with young rays growing out to replace those which 
they have lost at a former time. 

iay a word or two about another kind of radiate 
tfffma/^ agreeing in some respects with the star-fisli, but it 





71 

rshape, instead of being (Hvkled into ray™ 

Jiinus or sea urchin. It consists of a hard round shell, 

jell is covered with spines, which stand out in all directions. 

n animal feeder, but the sea urchin is a vegetable 

Q echinus is very abundant at Beaumaris. At loiv 
ir ihere you may find them in great numbers upon the shore 
Ing to seaweeds, or fixed amongst the stones. It is curious 
a the echinus ; it walks upon stilts, as it were, by means of 
mg spines that project from it; and, in addition to these 
' " IS a kind of suckers, which are put out from five rows of 
i round the body, and these lay hold of any fixed sub 
e upon which the creature is walking, and so steady it Ju 
mode of progression. The echinus is a creature very 
1 examination, and a good deal of its structure can be 
h without a microscope. Among the spines of the echinus, all 
over the shell, will be found a number of very singular things, 
which I have put down in the syllabus by tlie name of pedicellarite. 
These are long worm-like objects, at the end of each of which you 
find three hard calcareous jaws which fit togetlier, and look like 
the head of a snake. When the echinus is alive these jaws con- 
tinually open and shut, and their object is to sei^e upon or 
drive away any parasites that might fix themselves upon the 
echinus and impede the movements of the spines. The digestive 
Otgans of the sea urchrn are remarkable. In consequence of their 
vegetable food these organs are much more complicated than they 
aw in the star-fish ; the mouth is proi-ided with a singular arrange- 
ment of teclh and jaws, and there is an intestine as well as a 
uoroadi, for the sea-weed upon which it feeds requires a good deal 
of digestion and preparation to convert it into animal material. 
You will perceive that in all these radiate animals the stomach is 
/fc important part of the creature, and by its appearance here in 
these low kinds of animals, and by the prominence given to it, we 
tnay be taught that it is the organ which is most essential to 
aninial life ; for it is by its means that the various articles of food 
taken in are dissolved and converted into compounds suitable to 
be built up into the body of the animal, and to be made a part oi 
its substance. 

la my next lecture I shall give you an account of jointed animalii, 
and I shall show you that the prominent idea in them is the 
■K flov^pment and perfection of the locomotive organs. 
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LECTURE III, 

THIRD PLAN. —Jointed Ajjimals— Locomotive 0|d 

Jointed plan of slmctiire. Body consists of repeiitions 
parts placed end to end. The Leech, ihe F.arthivorm. These a 
among the lowest of jointed animals. Description of eadi. Tho 
chief idea in all jointed animals is locomotion j how the Leedi 
manages it. Locomotion in tlie Eajlhworm ; habits of the worm. 
Various kinds of Marine Worms all showing the jointed slnictiire i|i 
its simplest form. In furtlier developments of this locomotive pUU 
we have two disiinct sets of Jointed animals ; one set living in waUt, 
such as Shrimps, Lobsters, and Crab.^ ; the other set living ii 
Centipedes, Irsects, and Spiders. The Centipede ; descriptlonj — body 
with, many joints, a pair of legs on each except the first and last — 
good intentions, great show and little work — Locomotion implies 
muscular action ; chemical change like that which takes place when a 
candle burns ; the breathing oi^aiis bring the Oxygen required sod 
carry off Carbonic Acid. Close connection of breathing organs n 
those of locomotion in jointed animals. Nature of Gills. Crab, 
Crayfish, Common Crab, description, Habits, quarrelsome disposiiion. 
Voluntary amputations and growth of new limbs. Casting the shri)i 
jC^nnibalism. Lcicamotion in Insects. Two requisites for flight U9 
; lightne?s of the body and ihe greatest possible energj- al 
e of the muBclcs. Arrangements by which these results a 





-Caterpillar, Oitvsaiis, and Bultijrfly. 
iragonfly. description ; different stages of il; 
It,— Conclusion. 



nif last lecture I sliowed you some li\iiig Hydras, aud t 
on of one kind called Hydr-a fusiM. I told you it is 
:able for tiie length of i's arms, and their exact resemblance 
lO a fldiing rod and lijie. I shall now show you on the scr<''en 
some jrarlraits. taken a few years ago, of specimens of these 
hydras, so that you may see what their character really is. Vou 
will see here one of these objects floating, as they often do. upon 
die surface of the water. Iji that case the disc or sucker at liie 
end opposite to the mouth is kised as a float, the body hangs down 
in ihe water, while the rays stand out stiffly for a part of their 
length, and then, becoming very slender, hang down like fishing 
lines. In one instance you see the line twisted ; it has just caught 
coniething and carried it to the month: it is now being thrown 
out lo try its luck again. You see the hydras represented 
in many different positions. Here is one with a bud attached to 
iu body, like the one you saw living last week. Here is one 
which has taken iu a large meal, and is shut up for a. time while 
it digests its food, tiere is another walking along the bottom 
of the vessel upon its contracted rays, and looking like a star- 
fish. And here again is one which is going along in the manner 
of a leech, by bending the body into a loop, and holding alter- 
Itately by the sucker and the contracted rays. 

To-night I have to speak of jointed animals, in all of which tiie 
chief idea is locomotion, or moving from place to place. We And 
among them all sorts of designs for e(Tccting this object, some more 
sod others less efficient, but in each case exactly suited to the 
nqoirements of the animal possessing them. The outside of the 
tifKlyofatl jointed animals is flrm and strong; and it is often quite 
' ilH case it consists of many pieces jointed together, so 
:i be moved on each odier. The simplest plans of 
iruclure are seen in the diSerent kinds of worms, and 
iLCch is the most remarkable. It has not the shghtest 
(-■vtemal locomotive organs, and yet it can get along I 
■ much better thnnmanycreatures that havclimbs. W? J 
] with the fact, or else we should think it very odd to »«C | 

,. Lvj or six times as long at one time as it is at another; I 

^j^tfic thinks it wonderful in the leech, because '««a.\\V.tv<i'«\vW'SA 



nature to do so. At each eiul of the body of Uhs ami 

is a sucker by wliich it can fix itself either at the one end or Uie 
oilier, as it reciuires; and it performs its moveuieuls by t&e 
JiarraonioKs action of innumerable muscles which form the walls 
of its body. Tlie action of these mnscles is regulated by a 
system of nerves which look like slender white threads, coming 
from small knots of nervous substance, as you see io the picture 
which is now on the screen ; those knots of nervous substance 
extend down the middle of the body, and are connected together 
by short nerves so as to look like a string of beads. This nervous 
system may be very well compared to a set of telegraphic wires, 
through which messages are continually being sent to different 
parts of the system, and the string of beads which you see down 
the middle of the body might be compared with so many local 
stations, each acting within its own district; but die principle 
office is in the head, where there is a larger mass of novous- 
matter which may be called the brain. It is from this mass of 
nervous matter in the head of the animal that general directions 
are sent through the whole system of nen^es to regulate the 
movements of the whole, and you have here in the leech a most 
complicated system of muscles and nerves to produce those 
movements required for its peculiar kind of locomotion, If you 
were to allow a man his whole lifetime to make a working model 
of the leech, he could not do it, simple as this animal look: 

Leaving the leech, I shall now say a word or two about the 
common earthworm. This is a very interesting little creature 
It is formed in every respect for living under ground. The rings 
of its body are more plainly marked than they are in the leech. 
Its body may be said on the whole to be cyUndrical, but at 
the front end it is conical, and comes to a rather fine point 
At the hinder part, the body is flattened above and below, so 
that it has an edge on each side. This form of the body has 
a good deal to do with its success in making its way under- 
ground. The eartiiworm has the same power of lengthening 
und shortening itself as the leech has, but to suit its peculiar 
circumstances it is also provided on each ring with four pairs of 
little bristles, each of them having the points directc'd backwards. 
You can easily prove this, if you take up an earthworm and pull 
it through your hands. If you take hold of the head-part of the 
wonn and pass your hand towards the tail it goes without any 
obstruction but if you try to pass it the other way, you cannot — 
your hand is held by these little spines. Now, the efifect of these 
" " ' u A'? that the hinder part of the worm can be fixed immovaUy 
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p hole, while ihe Tront part is being puslieii Strongly fojEmid 
Rend the hole in llie grouDd. At the slender front end of 
a is the mouth, whtcli is simply an opening, but just above 
s is a little finger, as it were, the office of which is to keep 
j; soil into the moulh ; for it is a fact that the worm to a 
t considerable extent eats its way through the earth when it is 
The food of the worm is the actual soil ; that which 
rishes it of course being ihe organic matters which happen to 
mixed with it. During last summer I was making some 
^ j on worms, and I had occasion to dig up as many as 

l^ld find in my garden, and I was surprised to see that a very 
iderable number of the womis I obtained had new tails. 
a evident that they were not the original tails, because they 
t badly fitted ; they were smaJler in proportion than the rest 
^ ! body, as well as paler in colour. I asked myself as well as 
V it happened that these worms had new tails, and the 
only explanation I received was that in all probability the gardener 
li.-id been dicing and had chopped the worms in two. Now, I 
knew very well that my gardener bad not been so actively at 
work as to chop off alt tliese worms' tails, so I was obliged to 
seek another explanation, which I think I found. Worms in 
nuking their way through the ground and feeding in the manner 
1 have described, eat a great deal of soil, and you know they 
frcqiienlly cast out a large quantity of this soil in the form of 
worm-like moulds, which you see on the surface. Now if you 
knock one of those heaps on one side, you will find a worm 
hole immediately under it. It is clear then that the worm must 
come up tail first to void this rejected soil. Now that bemg the 
case, it struck me at once ihal birds on the look out for something 
lo cat would very soon spy where a worm was in the act of 
producing one of those little heaps, would hop to the place, lay 
hold of the worm and try to pull it out of its hole. But I told 
you that the worm has the power of resisting strongly being pulled 
Ut that direction ; it won't come, but *vill sooner submit to having 
its tail bitten off; so you see how Providence orders these matters — 
the bird gets a good meal, and the worm goes back to its hole 
and grows a new tail ! 

There are many kinds of marine worms, and among these i 
many that cra^^■l about quite actively ; some of them, however, ate J 
atationary, and live in cases which they make for themselves. I J 
wQl show you one or two of these marine worms. You see ' 
iqicesenicd there two kinds of marine worms. The one nearest 
IB me in that which is very much used hy fi%\\CTtQen ^<i\'\i'».i- V, 



H found living in the sands at Southport abundnntly. Thee 

is one of those which make cases of a sort of slielly material, i 
which they constantly live. In botli these you have examples of 
gills upon worms, gills for brealbinij or aiirating the blooii. In tbc 
worm nearest to me those gilts form little excresences extending a. 
considerable distance along each side of tlie body ; in the other 
case the gills look like beautiftil plumes, and stand round about 
ilie head. There are many other marine worms wluch are not 
stationary like those two, but crawl about i-ery actively. Their 
1 lodies are composed of many rings, and on each ring there a 
iwa bundles of bristles, which can be drawn into the body, or 
pushed out as required; and in walking they move upon Ibcse 
bundles of bristles. Now, in all these examples of worms that 1 
have given you, ihc body consists of nothing more than a straight 
row of similar pieces, and there are cither no projecting parts for 
locomotion at the sides of the body, or these arc of the simplest 
character, consisting even in the highest kinds of worms of nothing 
more than bristles. But all these worms are mere sketches, as it 
were, of a plan of structure destined to be worked out in oilier 
creatures into an endless variety of designs for the mo.st perfect 
locomotion. 

There are two distinct sets of jointed animals belonging to ' 
these more advanced plans of structure; one set inhabit the 
water, and include such creatures as shrimps, lobsters, and crabs ; 
and the other set live on land, and breathe air, and include 
centipedes, insects, and spiders, I shall now speak of one or Iwo 
of these creatures, and, fij-st of all, of the centipede. I think I 
can sho%v you a portrait of the centipede ; it is now upon the 
screen. It shows rather dimly, but sufSciently to discern the 
creature. The centipede has a body composed of many joints, 
and this body is firm and hard on the outside, II has a pair of 
small jointed limbs coming from each ring. Every part of the 
whole length of the body in this crealure is bent upon one thing, 
and that is locomotion. Every joint has limbs upon it, and each 
and all are determined to move on. If you watch a centipede 
walking, you might, at first sight, Uiink that a fair comparison of 
it would be a long boat with a great number of oars and people 
rowing ; but if you look closer, you will find that that comparison 
is not strictly correct, for you would see that the limbs ore not 
' U moving in the same direction at the same time, but in two w 
liree parts of the centipetle you gee the limbs are raistd to move 
forward, and between those points there is every gradation of 
ftaovementj so that, on Jooking at the whole length of the creature^ 
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JSSppMtr like a succession of waves passing down the bw 
Mdes, the waves coming out at tlie end behind and re-appearing 
ID front Now. the reason for that is what I told you before wiih 
regard to the leech— that there are knots of nervous matter all 
down the body of the animal; these are connected by nerves 
which go up to the brain, and the brain keeps sending directioTis 
down, arid as these go from knot to knot the orders are received 
by each in succession, causing the limbs to move in that wave-like 
maonn-. It is a singular thing that if you take a pair of shar]! 
scissors, and neatly cut a centipede in two when it is activtiy 
coga^ed in motion, the hinder part of the centipede goes on 
walkil^ Just as if nothing had happened! That shows how intent 
Upon motion every part of the creature mnst be. In this centipedu, 
instead of the locomotion being produced by the lengthening and 
shortening of the body, as we see it in the leech and in the eafth- 
womi, the joints themselves of the body are fixed, but t^iey have 
litnbs attached to thorn, and these are moved hy muscles containeil 
within the joints to which they belong, Now, this locomotion of 
the centipede, though it is not very rapid, is voy effective lo suit 
the habits of the creature, which are to creep into all sorts of 
little crevices and winding passages ; and it is therefore very 
important that all parts of its loog body should equally be walking 
fonrarf, because, in twisting and twining itself in a serpentine 
manner, it would otherwise be continually grating the siiles of the 
pasfiages in which it was moving. 

Every movement of the muscles in any creature is accompanied 
by a wasting of them. A certain quantity of the substance of the 
imiscle is wasted, and at the same time the wasted part is coni- 
btned with oxygen, which comes originally from the air, and as a 
result of this change carbonic acid and water are produced. 
These two substances within the body are tliroivn into the blood, 
the blood is then conveyed to the breathing organs, and that car- 
bonic acid and water arc there got rid of. In breathing, oxygen is 
absorbed into the blood from the air, and then we say that the blood, 
freed from its carbonic acid and water and charged with oxygen, is 
aSrated, and made fit again to be circulated through the body. Now, 
ifyoa consider, you will perceive that this is a change exactly similar 
10 that which takes place in tlic burning of a candle, and it is a 
ijuct, that just the sam« amount of heat is produced as is propot- 
IJOnale to the quantity of oxygen used. 

X must now say one word about gills, which are the organs used j 
'hg water creatures for effecting these changes in the blood. Most 
" — -eprowVft'd with giUs,at\d\V\<;w;^\\\*ast'fe«i«x^ 



composed of a great number of thin plates of nieinbtane, [£e 
whole substance of which is made up of a nel-work of blood 
vessels. These blood vessels come on the one hand, from the 
general system of the body, and contain blood charged with car- 
bonic acid and water, resulting from the combustion of the tissues 
of the body. That net-work of vessels is freely exposed to the 
water and it terminates at the other end in vessels which go back 
directly to the heart of the creature, and then contain pure blood 
charged with oxj^en ; and the heart, receiving it in this state, sends 
it to all parts of the body to continue the sarae process. 

I wish to show you next one of the large class of creatures 
called Crustacea, and I have chosen for my specimen the cray-fish, 
the common fresh-water cray-fish. These creatures are found 
very abundantly in some of ourrivers and in some canals. I have 
not met with them nearer home than at Cressbrook; but I have 
obtained great numbers of them from the canal near Coventry, I 
have had them sent to me in a common old biscuit tin, and Aey 
have home the journey very well, and hved for months afler I 
received them. I have had every opportunity of examining them 
during their life with me. I have seen them cast their shells and 
get new ones ; I have seen their eggs hatched and produce young 
ones, and had full opportunities of seeing the mannersand customs 
of these creatures. That is the portrait of one specimen which I 
obtained from Coventry. You see Jt looks very mucli like a com- 
mon lobster, and it is really a very similar creature. If you 
examine that cray-fish or the lobster you will see that it is a jointed 
animal, but it is very different indeed from the centipede. You 
have an example in the lobster of the way in which the 
efficiency of the locomotive organs is increased You find that 
the legs, instead of being distributed all down the body, are con- 
centrated at one part, and are placed very near together, "the 
lobster is a water creature, and it is a very good swimmer; but ' 
it should be remarked that in this case it does not swim at all with 
its legs. The hind part of the body, which is commonly called 
the tail, is really the swimming organ, and you may notice that 
the end of the tail is provided with a broad fan, and the action 
of the lobster in swimming is to strike the water downwards by 
means of tliis tail, so bringing it suddenly against the under part 
if its body, the effect of which is to cause tJie animal to shoot 
ickwards through the water. The lobsteralways swinis backwardSi 
ivilh very extraordinary speed, darting willi 
if its tail many yards, and guiding itself with the greatest 
o that it wiU t!.irt witliom hesitation rnw a hQk only jti^ 




'iwge enough to receive it. You ii-ill notice Loth in the lobster 
and the cray-fish that the aiiteniiiE or feelers are very long. They 
are made so that when laid flat along the body backwards, as it 
were, they project in such a manner behind that when the creature 
is swimming they are of use to feel where it is going, because as I 
said, it swims backwards. The legs are used for crawling among 
rocks or stones, where the creature lives. 

I shall now leave the cray-fish and go on to speak of the 
common crab. In this crab we find a concentration of the 
organs of locomotion the most remarkable in all the Crustacea; the 
limbs are all very close together at their origin, and the whole body 
seems to be very much pushed up togetlier. If you look at the 
nervous system in the crab, you will see that it has undergone a 
conesponding change from what you see in llie leech or the cetili- 
pedc In Ibcin there ivas a long chain hke a string of beads. In 
the crab you will find one large mass of nervous matter in the 
middle of the body, which sends out nerves like rays in all direc- 
tions, one laige nerve going to each of those limbs to supply it with 
motive power. You should remember then that in jointed animals 
the perfection of locomotion is brought about in a great measure 
by ihe concentration of the different parts of Ihe body. You are 
well acquainted, of course, with the common table crab, which you 
may any day see in the market. The crab is a very interesting 
creature to examine a little at leisure. Look at the back of the 
crab, and you will see how beautifully it is arched to resist force, how 
strong the shell is for the same purpose, how the borders are in- 
denied like a pie crust, forming counter arches to increase the 
strength ; then notice how nicely the eyes, which are upon movable 
sUlk^ can be put back into the sockets, and how the sockets 
project, so that a knock on the eye could do it no harm. Then 
notice the two pairs of feeleis, one pair of which fold side 
by side, and can be put under a sort of roof, where they are 
quite safe from injury. The second pak of feeleis are still more 
Okrefully guarded, perhaps because they are more necessary to the 
creature ; they fold in the middle, and can be put away into grooves, 
looking very much like putting a pair of spectacles into their case. 
Then if you look at the legs of the crab, you will see how beauti- 
fiilly they all fold up close against its body- You should look, too, 
St the mouth of the crab, and you will see a very singular thing. _ I 
imnnot go into the particulars ; but at the outside of all you w^l 
BM two pieces like double doors, whicJi fold over and cover 
^ Inner v^ttn quite close ; and then Ihe great claws. If put whtta 



xtie doors of tlie moutli, and keep e\'er)'thing f^sl. If yon ctnt. 
10 ihink where the crab lives, you will sec how desirable it is tW 
these Ihijigs should be as 1 have said. The crab 1i\-es ia the set 
where there is a stony bottom, and nt some little distance below Inw 
water mark, but within rearh of the rough \yealher, and is liable In 
be tossed about very much. Well, it can pack itself up m ihe way 
I have mentioned, and may then be rolled over and over jnst fike 
a. boulder stone, and take as little harm. Vou see, therefore, in the 
case of the common crab, how well fitted it is for the cinninistances 
in which it is placed. It has a sort of confidence in the sumgtk 
of its armour too, and goes about like one of the knights of the middle 
ages, seeking for some one to attack. But the crab is much better 
lirotected than any knights ever were in their armour ; and beMda 
ibis, tiie crabs are their own army surgeons; tliey need no ^Unlti 
bandages, nor lint. If they have tlie misfortune to have a pieea 
of a limb snapped off in an encounter, they just give that 1^ « 
shake and off it comes at a spot almost close to ihc body, wl^r« 
nature has provided that these voluntary amputations sbaU take 
place ; tlie bleeding stops, and the crab is at once ready to go again 
into the fight ' 

One day I found a crab at Llandudno, that had lost both 
ckws and all its legs but two ; yet, for all that, it had not lost 
courage I picked it up, and, at the same time, selected anothw 
crab of its own ';ize and put them logetlier in a dish fiUed wttli 
sua water It was pretty to see howthe brave little fellow, withow 
any means whiter er of. ittack, still Stood on his defence; for UmI 
perfect crab, more shame to him ! — crabs have no magnanimity-^ 
at once picked a quarrel with his unfortunate brother, and atta^cd 
him savagely. My crab stood bravely up, and defended himsetf 
as well as he could. Now, how did it happen that a crab in this 
miserable state should never think of giving in ? Well, I think it 
is that the crab slili feels that although so defenceless, he has ibe 
capabilities of a warrior left in him ; he feels, perhaps, that bat 
fresh legs and arms are already sprouting where the old ones are 
gone, and that if he could only be let alone for a time, he woiilj 
have new claws and legs, and be able to give as good as he toolt. 
Now, the crab can really afford to be reckless in battle, although 
it is not invulnerable, for nature does repair its shattered limlu iR 
often as it is required. The brave little fellow I have been tetlitig 
yoii of, if he could only have been put into hospital for a titBc, 
would have come out as good as new, wilh all his claws and legs 
t-tiiiiphte, and wilh no need for such tender nursing as Qttt 
wairnded soldiers received in the Crimea ftora Mvss Nigfitiogide 
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«nd the Sisters of Mercy. And, after ail, the result is far 
satisfactory in the case of the crabs, for with them you see nu 
crutches or wooden legs — nothing of that kind ; they come oui 
bran new, and as good as at first. Perhaps, if you coiisidet 
this carefully, you will be led to suspect that nature did not design 
m«n with a view to their fighting in the destnictive way which is 
now practised by civilized nations. 

But although the crab is so well provided In the matters I have 
mentioned, seasons of great anxiety come upon him now and 
then, and these are when in consequence of his constant fighting 
and feasting he feels he is growing too stout for his shell ; he feel.s 
that his trusty armour on which he had depended so long is 
getting too tight for hira ! At last the dreaded moment comes 
vrfien he can endure the pressure no longer, though he knows 
at the same time that his safety, if not his very life, depends upon 
his coat of mail. Stili he feels at last he mini throw it off and 
expose himself defenceless to his enemies. Here you would 
think would be a time for serious reflections upon his past career 
of riot and barbarity! But instead of diinkmg of repentance, 
this crab crouches in some dark hole trembling iox his safety, anti 
anxiously hoping that bis new siiit will soon be ready. His fears 
ar« probably heightened by a guilty conscience, for he feels 
witlitn himself what he would have done in his strength if he could 
only have had the luck to meet with a defenceless soft crab, such 
as ^ is at that time ! Oh I what a juicy meal he would make of 
that crab ! Well, thinking so, he naturally trembles for bis safety. 
I once brought home with me two little crabs from Blackpool, and 
I pal them into K)me sea water with sand, and fed them regularly, 
M that I kept them alive for some lime. Mien I had had these 
twn lillle crabs for about a month, one of them cast his shell. 
TTiC other one, as it happened, perhaps in consequence of being 
well fed, did not molest Uiis crab while it was soft, and in a fcw 
ihyj it came out again as brave as ever. Shortly afterwards it 
Game to be the other crab's turn to cast its shell, and then the 
mgrat t ide of that wretch was at once seen. No sooner did this 
swond craV) cast his shell than he rushed at him and ate him up ! 
• -■" ■- " tf» say, however, that it was not many days before 

ik him, and he died, either from a bad conscience, 
, rhaps more likely — indigestion. 

■.ill leave these sea creatures which breathe by gills, 

I' some of those which live on land and breathe air. 

t're have next to speak of insects. It\ «Si "wiseWa 
is a. corcenlralion of the «tga.i\* rf \<w:QH\cfa.«ft 
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_»ut equal to that which you notice in the 
have a body divided into three parts, and the legs 
attached to the middle part; and lliey ate moved by sttoii;, 
muscles which are contained within that middle part of the body. 
'J'hese legs of insects are very active, and are used for a great 
many differeut purposes, as for creeping, running, jumping, and 
swimming ; and they are modified to suit the requirements of the 
insects in all these different ways. Most insects have wings M 
well as legs, but there are some which are always without wings— 
for instance, the flea ; but this flea, you know — I dare say you 
know — has the power of jumping in such a way as to be almost 
C(|ual to the power of fiying. 1 confess I can never sec ont 
twice ; if I see it once, I cannot see where it goes to. But jusr 
consider for a moment if you were endowed with the same powe 
of jumping, in proportion to your size, as the flea, and you 
jumped, the result would be fatal, for you would come down witli 
such a crash that you would break every bone in your body; so ; 
that it is lucky for us that we have not the powers possessed bj i 
some of these insects. 

In an animal which has the power of flight, it is necessary thai 
the body should be very light, and that the muscles which move 
the wings should be very powerful, and, at the same time, vaj 
rapid in tlieir action. These two requisites are brought about by 
one and the same simple means in insect structure, and it is in ihc 
arrangement of the breathing apparatus. Breathing is like a 
draft of air going through a fire, the more perfect the draft, the 
more rapid will be the burning. We have seen that in crabs the 
gills receive the blood from the legs and claws, charged with ±c 
waste matters fram muscular action, and purify it from these 
things, taking in oxygen at the same time from the water; but this 
ai!rated blood in the crabs is mixed in the heart with impure bloodr 
which comes from the other parts of the body, and so returns " 
the muscles, to act on them, in a stJte which is not stimulad_ 
euougli to produce very energetic action. The plan which we havi 
in insects is quite different, and is not seen in any other part a. 
creation exceptuig in them ; it is beautiful in its simplicity. The 
blood of the insect is not contained in vessels at all, but freely filla^ 
every part of the body not occupied by something else. In Ihia 
way it liathes the wjiole surface of the internal oigans and of the" 
yo^scles. But yoii find in every pail of the insect air-tubes, whi(4i 
wouloi si]oiv you with the lantern from a drawing of the anaiotny 
^"'^j'2' ''"■■*'^ iHsecis. You see in that drawing a great number' 
""" "'^'ViHchfsgoiiiif ill all dwecUora V\\tw^V v\w, \>^^'j <iC i^! 



^^^H^hcf theac might be liiu-jght to ha [Aood-\es!if:h ; but they 
^^^^KCsin air, and if you loolc carefully at the drawiog, you will 
^^^^pt here and there there are large dark-coloured places which 
nj^wservoirs for air. If vou trace those branches lo their orisins, 
Wyoa will find that they arise from certain points down each side of 
I the body, and in the perfect insect there are holes from the outsidv, 
Iwbcre the large trunks of these air-tubes commence, and through 
■which the air is admitted into the interior of ihe body. These 

■ btdes you will find are oilen beautifully fiinged with hairs, the ob- 
Bject of which is to prevent dust from getting in. By this plan of 

■ onnvefing air to all parts of the body of the insect, instead of carry- 
I ng the blood to the lungs or gills to be purified, you get an ex- 
I treme lightness of the body, and at the same lime you have 
I tfw roost perfect possible auralion of the blood. This perfectly 
I Rented state of the blood, and its free and direct contact with the 
I nnscles, produces their energetic action. As examples of flying 
I ibECCts, I have chosen butterflies as being very common, and some 
m/t^JbKt I will put on the screen. These butterflies may not 
^■^^gf remarkable for i>erfectiQn of flight, but they show 
^^HJKd beautifully coloured wings, which is the subject about 
^^^^H want to speak. There are, however, many kinds ot 
^^^^Bes, which are not to be despised on accoimt of their small 
^^^^n>r flight, and entomologists will tell you that some are very 
^^^^B'catdi, and will outtly their best efforts at running. The 
^^^^W is provided with a kind of long trunk, with which it sucks 
^^^^Khreet jnices from flowers, and this is what the butterfiy feeds 
^^^^■Bllt you must not for a moment think that it is the honey 
^^^^^Bi flowers which has developed the powerful muscles 
^^^^^Rd: those wings, and the wings thetnselves of the creature. 
^^^^^htterflies originally c.ime out of the egg, as yoti know, in a 
^^^^^Bffint state from that in which you now see ihem. They 
^^^^^Bk little greedy grubs, which went about, day after day. 
^^^^^Bllui^ but eat ; they were eating constantly, as though 
^^^^H^life depended on getting down an much ^-egetable sub- 
^^^^HL tfiey- could possibly swallow. This was Ihe way the 
^^^^^K'or grub of the butterfl} went on for a long time, and 
^^^^^^talperioil he had frequently to change his skin, on account j 
^^^^^^Htng too tight, Now, if you traced him througll bii J 
^^^^^HHwonld find that at last there came a time when he cast M 
^^^^^Kfi instead of coming out as a caturpillar, he canae out V 
^^^^^■Kquitu diiTereni ; he came out Uku a'n\v\WT&'j.'«:'^ 9- ^ 
^^^^^^p^f hint, being \yhat ivc know vetv w*:\\ «% ^ v^\c■j>%^^^- 
^^^^^pp^goat- hii ;>iiiv-r of tJtUing was Vi^u-i, ftvv^ t'^'^w ^' 
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lay for a considerable time helpless. He showed his 
self just before he went inio this stale, however, by, in £oine cases, 
hanging himself up in a convenient comer, or, in others, burying 
himself in the ground, where he remained for a considerable dine, 
until at last he burst from that chrysalis fomi, and came out a per- 
fect butterfly- You tee, then, in tracing the history of this creature, 
that the real nutrimeU which produced thosewiiigs and that powerful 
flight was that which was taken wlien the creature had no wings 
at all. It kept storing up nourishment for weeks and months, nut 
for its own immediate use, but for future purposes. In that repre- 
sentation of the caterpillar, you will see down each side of tlie 
body masses of substance looking like suet or fat in ihe living 
creature. Down the middle you see the alimentary canal through 
which the food passes. Independent of the proper organs of the 
caterpillar, then, you see immense quantities of fatly mateiiil 
which is stored up for the future making of the butterfly. While 
the creature is in the chrysalis stale, all the substance of its body 
seems to go soft and milky, and it looks as if it were made over 
a^ain ; created afresh, on a larger scale, and in a more perfect 
form, by using up the hoarded material which had taken nionths 
to collect in the caterpillar state. You see, then, I think, from 
tiis how difficult it is to make a flying insect ; how for months the 
creature must go about as a grub, and do nothing but feed, in 
order to store up an abundunt supply of materia! to make this 
beautiful Hying creature. Then, the butterfly exists but for a short 
time, and perhaps it could not possibly support itself for lopg tqr 
the nutriment it is then able to take. 

Leaving the butterfly, 1 shall now give you an example of the 
most perfect of flying insects— the dragon fly. This creature is 
well worth careful examination by those who are interested in 
locomotion as a mechanical matter. There ts nothing more per- 
fect in nature than the dragon fly, and if you look at it, I think you 
will say after my explanation, that the comparison of it to a rail- 
way train is not far-fetched. The part to which the wings are 
attached is the engine with its four driving wheels. Here you see 
the head which we may naturally call the guard's van, placed in 
front to keep a good look out ; and behind you have the carriages 
set in a row, and not concerned at all in producing locomotion, as 
I showed you that all the joints in the centipede are. This dragon 
fiy has most wonderful powers of flight. It has been watched when 
cbased by a swallow, which is a very quick flying bird, and the 
«raJ/<5ir has not been able to catch it. The dragon fly, different 
"' V ifyi/jg- creatures, can not on^y ^Y toTwaiia -sW-tv i£ce&t 
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sed, but ii^thout changing its position apparently, it can fly back- 
rds, and it can also fly to the right or to the left, and 
and down, with the greatest facility. Let our mechanics just 
Qsider that, and see if they could make a working model of the 
igon fly. 

In my next lecture I shall bring before your notice creatures 
ich show chiefly the development of the internal organs of the 
dy, those of digestion and secretion. They consist of shellflsh, 
d I shall chiefly have to speak of oysters, mussels^ cockles, and 
matures of that kind. 
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LECTURE IV. 

FOURTH PLAN. — Soft-bodied Animals — Digestive and 

Secreting Organs. 

Body consists of a bag containing organs for digestion and secretion. 
Ascidia or " Sea Squirt." Description. Nature of its food and 
manner in which it is obtained. The same organ for breathing and 
for collecting and conveying food to the stomach. — Bivalve Shell-fish, 
general character ; breathing and feeding associated. — The Oyster, 
description of the animal, formation of the shell. — The Fresh\fater 
Mussel, description ; means of locomotion, the foot : habits. Artificial 
pearls, and pearl ornaments made by the Chinese. The Freshwater 
Pearl Mussel of North Wales. The Common Mussel, structure 
of the foot, and manner of making the threads by which it 
fixes itself. Parasitic Crabs found in Mussels. The Dreissena^ 
a foreign Freshwater Mussel now common in canals. Manner 
of making its threads easily watched in an aquarium. — Common 
Cockle, description of the animal, form of the foot and its 
use. — Mactra, Venus, Tellina, and Donax, pretty shells, commonly 
found on the sea-shore. Description of the animal ; these, like all 
other sea creatures, should be taken alive and put into sea water to 
be watched. - Razor-shell. Structure of the animal : habits. Pholas, 
common at Blackpool : habits. Peculiarity about the dead shells 
found on the shores of Lancashire. — The Teredo, or Ship-worm. 
description, — Cojic/iision, 
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: tnke our own bn'ly n.s an example of .tiurnat stflictttfl^ 
we shall find that it consists of two parts; first, iliere is the 
framework to which it owes its form, and which provides for 
locomotion, and for all we can do in relation to the world outside; 
and secondly, there is a set of internal ot;g£ins, the duty of which 
is to nourish and continually renew the workmg muscular frame. 
In my last iecture I explained to you die structure of jointed 
animals, and I showed you that through all the extensive series of 
forms which they present, the motive framework is made a matter 
of first importance, and that in some flying insects, as the 
butterflies, this is carried to such an extreme that provision is not 
made for keeping up the full nourishment of the body, and 
consequently that the creature can only live a short time to enjoy 
its power of flight. To-night I shall have to speak of animals 
formed upon quite an opposite plan, for they consist of very little 
beside internal oi^ans. The lowest of them may be described as 
nothing more than a "bag of bowels," and even tlie highest have 
only very faint traces of a hard framework connected with such 
muscular apparatus as they possess for locomotion. These 
animals are called "mollusca," and are commonly known as 
'* shell-fish." They include not only all kinds of sea and Iresh 
water shell-fish, but also land snaUs and slugs. 

The first example of mollusca that I shall give you is one of 
the lowest and simplest of all of them, and it is called the "Sea 
Squirt." I wiL show you a diagram of this creature upon iJic 
screen. You might suppose when you look at it that I had been 
borrowing a double-necked bottle from my friend, Professor 
Roscoe. You are aware, I dare say, that the two-necked bottles 
ate very important parts of chemical apparatus, their value, I 
believe, consisting in the fact that there is one way into them and 
another way out ; and that is precisely tlie case with the creature 
before you, which has, as you see, two openings into the cavity of 
its bottle-shaped body. The way into it is by llie hole at the to[> 
<rf the creature, and the way out by that at the side. This sea 

auirt may be found upon any of our shores, fixed to sea weeds, 
lich have been torn away from the sea bottom and thrown iqjon 
Itic beacli. At Beaumaris you can find them ii plenty, and there 
e some very small and beautifully transparent kinds which give 
TOI a good opportunity of watching them under the microscope 
HI the living state. If you look at the diagram farthest from me, 
fOtt will see this creature partly dissected. When you cut open a 
''a noin you find that connected with the openmg at the top, 
ere ISA thin delicate bag which fills agoodfaw qV i.Vtos'i&r. «j. 1 
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the animal, bangs free &om the outer walls of it, but p 

cu tbe bottom, and there opens by a small aperture Inco the 

stomach of the creature. 

I showed you in my second lecture that the hydra is a fishing 
animal, and that it catcher its food by means of a rod and line. 
This sea squirt is a fishing animal too, but it catches its food by 
means of ft net, and the bag I have been speaking of contained in 
'.he inside of the creature, is the net with which it catches the 
:mimalcule3 that serve it for food. The net is covered on the in- 
side all over with vibrating hairs, and these produce a strong cur- 
rent of water from the outside into the net through the upper 
opening, and the water brings along with it all the minute living 
creatures that happen to be in it The water is filtered as it were 
through this net, and passes out at the side opening, while all the 
solid food is retained, slowly passes down to the lower part, and at 
last enters the aperture which leads to the stomach. In this sea 
squirt you have something that is worth your notice, as a contnEt 
to what we find in the Crustacea. We find there that the gilU c 
brtfaihing apparatus are in close connection with the l«gs or 
organs of locomotion. Here we find that that net or bag wluch 
I have been speaking to you about, is not only tlie organ for tak- 
ing food, but is also a gill and serves for respiration. Reepiration 
then in these soft bodied animals is associated with feeding. If 
you look closely into that fact you will see that it contains an im- 
I)ortant truth, namely, that the breathing which always con-espoods 
with waste of living materials of the body, and in Crustacea is 
regulated to the amount of muscular waste, here corresponds with 
waste of some other kind, and that will be found to be such as arises 
from the chemical changes necessary for the production of various 
secretions. The creature that I have shown you is perfectly sta- 
tionary, and has no need for any further muscular power than to 
contract or expand the bag of which the body is composed ; but 
it is a sort of chemical laboratory in which a great deal of work is 
done in a quiet unobtrusive way. I may just add that it is called 
(he sea squirt for the simple reason that when you lay hold of it, 
it throws water out from the two holes with which it is provided. 

Now this very simple plan of animal structure that I have been 
bringing before you is repeated in endless variations through the 
whole class of mollusca or shellfish, and the number of different 
kinds is so great that they form one of the principal divisions of 
the animal kingdom. 

An important addition, however, is generally made to what you 
s^fffn the sea squirt, and this is a hard otse for protection, vrhicit 



on the outside of that Gort houy. This hard case is what 
is commonly known as the shell ; but yon will see at once that if 
the sea squirt were entirely covered with a hard shell it would be 
so closed up that it would be imposaible for it to grow larger. 
Two plans are adopted among the shellfish for obviating this diffi- 
culty. ITie plan which I shall show you first is a very simple one, 
namely, to cut the outer case into iivo halves, each covered with a 
shell which can grow larger to any uKtcjit at the cut edges. This 
is the arrangement in all the common bivalve shells and you see 
It very clearly in the oyster, which I will now show you on the 
screen. That is a representation of the animal in the inside of 
the shells. One half of the " mantle," or outer case, with its shell 
has been removed, and you see only the other half of it Inside 
you see the bag of viscera which composes the body of the animal 
Now, if you look at the oyster when in a hving state, you will see 
that the shells keep open, and that currents of water continually 
enter through the opening of the shells, pass over the interior of 
the soft fjart of the mantle, and then pass out again. If you look 
at the animal itself you will see the gills, looking like leaves of a 
book placed between covers, which ate represented by the shells. 
TTiesc gills, which correspond with the inner bag or net in the sea 
squirt, are covered with vibrating hairs, producing currents just in 
tiic same way, and carrying in the animalcules upon which this 
creature feeds. All bivalve shcU-fish feed eniirely upon minute 
water animalcules. 

The shell of the oyster is formed in a very simple way, 
by the outermost coat of the animal depositing carbonate of 
lime, and so producing a very thin film of hard shell moleriul. 
When that is formed, another thin layer forms in the inside 
of the first, and extends a Utile beyond its edges ; then another 
forms, and another, an:! in that way tlic creature covers itself with 
protecting shells which are conlinunlly becoming larger and 
stronger as they grow. The two shells of the oyster, as well as of 
all other bivalves, are kept gaping open by the nature of the 
SubEtancc by which they are attached together at the hinge. This 
nbstance is elastic, and springs the two shells open, and that is 
the natural suite in which the animal always is, because it 
ean then draw in the currents of water by which it both 
breathes and fccd^. But sometimes it wants to shut its shells, and 
In order to do ihis a strong muscle is provided which passes 
difectly from one shell to ihe other in the inside, as you doubtless 
know vay well, since yoti must have seen it in opening o^Ueu. 
TMt m}sc)e ahvts the shells when necessary, \r». i!t wav 



tftlaxw than iheycome oi>en of ilitiruivii accord, 
is at liberty to leed. As to the animal itself, I tlioiild remark thiil 
round the borders of the mantle are a number of little coloured 
spots, which are eyes. You m^ht naturally suppose the creUutC 
would want to see, in order to know what was coming in betwesi 
the shells along witli tiie water ; and as an intruder might enter U 
any part, these eyes are set at intervals like a row of seutiiiels. 1 
would have you remember, then, the next time you eat oystea, 
that when you o]ieo the creature in the murderous way in whidi 
the work is done, the animal is looking on with all these eyes, 
which perhaps may not be a pleasant reflection lor you ! 

leaving the oyster, I shall now speak a little about tlie conwutt 
sea mussel. In this case you liave a creature of a different sh^i 
from the oj'stcr^ — long-shaped instead of being rounded in outline ; 
and corresponding with this you tind that there are two muscles 
passing across from one shell to the other to close them when the 
animal wishes to do so. I will now show you a mussel, and the 
thing I want to direct your attention to is a part of die aiuimal 
which you see projecting from between the shells. It is caUed 
the "foot," and is a long and slender muscular organ, wliich in 
the living state can be extended to as much as an inch and a half 
or two inches in length. Tliis foot in the mussel is used for 
producing those threads by which it fixes itself; and it is perfectly 
easy to see the creature make the threads. If you lake some 
mussels and put ihem in sea water, the first thing some of them 
will do will be to anchor themselves by these cords. The way in 
wliicii the foot is used is this : it has on one side a deep groove 
running from one end to the other. At tiie part next to the body 
of the animal, there is a gland which secretes a sort of liquid silk. 
The creature puts out its foot as far as it can, and feels about for a 
suitable place where to fix a thread.; then putting the end of the 
foot firmly against the stone, or whatever the object is which it has 
selected, it forms the groove into a tube by making its edges meet, 
and then, by pressure on die gland, fills the tube with the liquid 
cement, holds all still for about a minute, then relaxes the sides of 
tbe groove, and withdraws the foot, and a strong thread remains 
attached by one end to the stone, and by the other to the body of 
the animal. In this way the mussel fornis a number of threads, 
which hold it firmly in its place. In the mussel, the water does 
not enter between the shells so freely as it does in the oyster, for 
in the living animal the edges of the two halves of the mantle are 
kept in contact, except at two places where openings are left for 
(Ac currents to jjiass in and out. The \are,ct ot vKese openings, 

■^ m 



. (( «ee, the edges €>f the mnntte fonn beautiful frills; "rs 
the one through which the nater is drawn in, and the smaller 
Openmg placed nearer to the hinge of the shell is that tlirough 
Wtiich it escapes. You may find mussels growing on many parts 
of the sea coast ; you can see them perha]is as well as anywhere 
nl Morecnmbe. There you find the whole of the shingly beadi 
itiatted over with these shell-fish, living ainong the stones, ami 
ihere is a stone pier on the shore ivith mussels completely coveri'if' 
its sides up to extreme high water mark. It is remarkable tho; 
mussels can live in aucn a position, smce they musi ue entire]) 
out of the water for by far the greatest part of each 24 hours. 
This is so remarkably the ease with the mussels that in some 
instances they are found living so high that only the spring tides 
can reach them — that is, twice in a month for two or tliree days, 
and ihey Uve the whole of the intervening time with no fresh 
access to the sea water. This has been ex[ilained, or attempted 
to be explained, by the fact that when the watur goes from them 
they retain their shells full, and that the animalcules which were in 
that water breed ami reproduce to such an extent iliat during thu 
interval they supply food for the mussel. 

I shall now show you a little parasite which is very commonly 
Jbund in the mussel ; I dare say some of you may often have met 
with them in mussels used for food. Here is a rough sketch of 
my own, taken from life. The mussel was one which I got alive 
from the sea coast I had several of them, and when put into sea 
natei each of them was found to contain a little crab. The crab 
is well known as a parasite in shellfish. You see it there in its 
eatural position. It is formed for living in shellfish, and it has not 
aocidently got in there. As you see it on the screen, you notice 
titMt it has fixed itself just at the part where the water goes into 
|]ie mussel to feed it ; and it holds its claws ready to lay hold uf 
anything sufficiently large to serve for its food, and which might 
eotne in with the current of water into the body of the mussel, 
Yoa will see then that tliis little crab ought not to be called a para- 
site, in the sense of its being mjurious to the mnssel ; it is quite 
the contrary, for it seizes anything that would be too large for the 
mnssel to use as food, and' so protects it from creatures whicli 
might injure it In our canals all over this neighbourhood, you 
miy find a shellfish very much like the sea mussel : it is called 
• Ac dreissena. It is a shell which came over from the Baltic it is 
flOpposcd, in timber vessels, by which means it got introduced into 
die docks and canals of lliis country, aud it spread ^.d ^ajiv vc oj 
Imt that noiy very few ofoiir c.inals aie Vii.\\ouV'\v. \ ■n»^ TOtwiRsm. 



that the Bcawick reservoir, now done away with, had its sft 
completely paved with these dreissonas, or freshwater mussek 
These are very capital things to have in a fresh water aquarium, 
aiwi you may see them make those threads for anchoring themselvei, 
which they do in Ihe same way as the sea mussel, without any 
trouble at all. They are also very useful in the acguaiium because 
they do what all other bivalve shellfish do — they filter the water 
from its impurities ; and they remain fixed in one place, which 
is another advantage, 

I shall now show you another fresh water bivalve, ver>' com- 
mon in this neighbourhood — the common pond mussel. In this 
rase there is a very large foot, which is the most remarkable put 
in this shellfish. It is composed of interlaced muscular fibres 
pas.iing in various directions, and it comes out looking like a cow's 
tongue, The object of this foot is more for the creature to biujr 
itself in the mud than to go from place to place. It does use it 
for locomotion, but its great object is that having found a suitable 
place it can fix itself there. This mussel, being of a good targe 
size, has a great deal more filtering power than the dreissena, and 
in the aquarium it is very useful, as you may test at any time for 
yourselves. If the water of an aciuariiim when newly set up 
remains muddy, as it generally does, you will find tnat by putting 
in one of lliese large mussels you will get it as clear as possible 
in a few hours ; so that it well deserves the name of a "liring 
filter." 1 got one of these pond mussels of the largest size from 
the lake at Lymm, where they are very abundant, and kept it fiM 
two years in a small jar of water only just large enough to boldi^ 
and the creature had nothing but a small quantity of our excellent 
town's water as its food for the whole of those two years. Yt»u 
know, as I explained in my first lecture, there are no animalcules 
in our town's water, and yet this pond mussel of mine had nothing 
else supplied to it for two years. Now there is something curious 
about that, but I think you can explain it from what 1 have already 
said, The wate_r was changed about once a week or fortnight, but 
during the lime the mussel remained in it, you must bear in mind 
that myriads of animalcules would be developed, and these served 
it for food. You have here then a parallel case to thai of the 
sea mussels which live at extreme high water mark. 

These common fresh-water mussels might be used for making 
attiliclal pearls. At different times a good deal has been thought 
on this subject. It is perfectly easy to make them, that is, to 
make the animals make them'. If you put grains of sand and 
other extraneous matters between the soft ■^•xrx o? t.\\« animal and 



■^Kfc dieU, the irritatii n caused by ihem produces a deposit rf vmr- 
bonate of lime upon those extraneous matters and the concretions 
become larger by fresh layers being added in a concentric 
manner, umil they form very tolerable pearls. The Chinese 
have carried out this notion to a very great extent, and constantly 
make Httle ornaments of pearl by taking advantage of tliia [ffo- 
petty of their common freshwater mussel, They have little images 
mad« of wax, or something of that kind, which they push in l)etwecn 
die soft part of the animal and the shell, and they will malte as many 
AS a score of these pearl ornaments on one single shell. We have 
in this country a kind of fresh water mussel which naturally pra- 
Aices pearls. It is foimd in the river Conway, in North Wales, 
and in tlie Lime, and olher rivers in that district. This mussel is 
found in rapid sireams which run a short course from the mountains. 
These streams are sufficiently rapid to carry along with the water 
botli sand and fine gravel, and I think the reason why pearls nre 
found in this kind of mussel is that extraneous matters frequently 
geia entrance into the shells, and, causing irritation, lead to their 
production. 

I must now leave these animals and say a word or two about 
cockles. I have a cockle represented there in a picture. When 
people cry "cociles" in the street, you always hear them say 
"eeckles (i//r</" as though it were a great recommendation, as 
indeed it is. But I very much doubt if many of you have seen 
cockles alive. If you will dig up some of them from the shore 
for yourselves, and put them into sea water, then you will Ke 
your cockles alive, and you will find them cometliing worth looking 
aL Vou will see that by and by they put out a couple of tubes 
Kke those represented in the drawing, and the tubes are oma- 
Biented with a number of little tentacles or feelers. Now, if you 
waldi those feelers closely, you will see that those on the edge of 
tfac tube through which the water enters are each provided at their 
tip with a bright and beautiful little eye, the use of which h 
evidently to see what is coming in. Cockles are so abundam 
thlt I scarcely need to mention particular places where they er- 
ftniod. On any sandy coast you may find them in plenty, .-ii 
Sbckpool there is a great abundance of them, and to show yi'U 
their prodigious numbers I may say that in a space of four inchts 
iqiure I have myself picked out a dozen fair-sized cockles. i\t 
SonAport you know they are so abundant that it is said they are 
OOCimonally sent away by tons at a time. These cockles have 
Aort siphons or lubes by which the water enters and ^a&se% 041, 
MDe in the mnasel, as yon saw, there was tiotl^m^ ■^Cl^^ cja\iS& wSk 
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hbe at all The foot in tht cockle it, a rfmarkablti paxttit'.... 
if yoii see the whole of it you nill find that it is beiK 
iddle like an elbow. Though the cockle as a rule nset 
i foot to bury itself, it can jump by means of this foot, springing 
uji in the air, and so moving itself to a considerable distwcc, 
'['here are several kinds of fresh water shells something of tilt 
nature of cockles which are worth saying a word or two about. 
They are found in all the ponds and canals in this neighbourhood— 
little bivalve shells, not half the size of the cockle, but interesting) 
as having the same kind of structure, and they are within our 
reach to watch them closely in our aquariums at home. They aie 
called Sphasrium, There is one kind which was found about five 
years ago by Mr. Darbishire in this neighbourhood, and which is 
not known at the present time to exist in any other part of ibe 
country than in the Manchester district. I have received it very 
fine from AccringUm, and I have also found it in the Peak Forest 
Canal. This.which is called Sphrerium pallidum, isanAmericansheU, 
and is supposed to have been introduced in the vessels which ate 
constantly going and returning from that country. There are 
other shells nearly like these, but so small as to be scarcely lai^er 
than a pin's head. These are found in ditches, about the bonlets 
of fields, everywhere in this neighbourhood, and they are 
interesting as showing the fulness and completeness of creation, 
for their presence in these miniature collections of water looks as 
though Nature were determined to occupy with living creatures 
every nook and comer where they can possibly exist. 

I must now pass to some shells which are distinguished from 
the cockles by very long siphons. I will show you one on tlje 
screen. These shells include most of those pretty kinds thit 
])eople pick up on the sea shore for the sake of their beau^. 
You may find plenty of them at Southport, but they are almoti 
always dead. On the beach at Penmaenmawr you may find theac 
shells in plenty. You will notice in lliis case that the siphons ^ 
lubes through which the water passes in and out are very long 
these creatures have the same habit as the other bivalves I liaw 
mentioned of burying themselves, but they plaut themselv« 
deeper than those with short tubes do, and only have a part a 
their siphons projecting above the surface. In this way they arj 
safer from their enemies. The water passes in through the tube 
nearest to the fool, and out in a constant stream at the one nearest 
to the hinge of the shell. Tha,t, as it is shown on llie Bcreen, iv 
tI)G natural position in which the creature lives, with the i\i\iex 
li/msnts. Ihcrv is ojji- tim! of sIkH ^^■i'.V^ Vhesi long t-i^^hyns lh*l 
/ 3 
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plenty at SouLhiJOrc buried in tlie saud. You n 
k by its leaving a little groove on the surfate. If you dig at one 
end of that groove you will be sure to find a living shell-fish. It is 
Killed tellina solidula. If you take some of them home aod 
put them in sea water, although the shells are not more than three- 
fourths of an inch in diameter, they will put out siphons as muck 
.19 two or three inches long, and they really are worth examina- 
tion. The way in which these siphons fee! about as it were, to 
get the best water for their purposes and to avoid anything inju- 
rioas, is very curious. I should say, then, that when you Cud any 
of these beautiful sheilfish alive, you should always increase your 
pleasure by taking them home and putting them in sea water, then 
you can watch thern and observe their mode of life before you kill 
them for the purpose of keeping. Talking of this subject, I may 
mention that I was once walking on tlie sea shore, when I saw 
near to me a lady and her little boy, who were pickiug up shells 
by way of amusement. By and by, the boy, who seemed in high 
glee, picked up a shell and came running to show it; but the lady 
DO sooner saw it than she exclaimed in horror and disgust — " 
you disagreeable child, throw it down, don't you see it is alive ? " 
Now it struck me at the lime that this was not the way to instil 
a love of nature into the child's mind, nor was it the way to obtain 
aQ the interest and pleasure which might have been derived from 
the opportunities that were then at hand. 

I shall show you one other burying bivalve, which is called the 
"razor-shell." You find these by thousands and thousands on the 
shore atSouthpoTt,bulyoualmosta!ways find them dead and empty. 
You have a representation there of both the shell and the aninul. 
At the lower part of the animal is a foot, which is very large and 
Strong, and is used like a spade or digging implement. The upper 
part, that which is cross -barred, is the gills. At the top ate two j 
Openings throui^h which the water passes in and out. In that way I 
there is a rei^ular circulation of water through the upper half of 
the anhnaJ ; the lower half is occupied entirely by the foot, lliis 
^uo^ghell buries itself deep down in the sand ; it will go down to 
the depth of a foot or more below the surface of the sand. These 
Tator-shcUs may be found living at extreme low water mark, am] 
in consequence of their burying themselves to a considerable I 
dep^ il i* o»ly after a siorm that tliey are disturbed and ilitQW^ J 
Upon the shore. The reason you find tliem always empty whcp 1 
" ' g about the sand, is that when thrown out by the sea, tlip I 
J* come At once and take out the mcAi, i"id a. tempest it thoro' fl 
5if ndj harvest for ihcm. Thcw UaaiwW *\Ti\aj:V^\'^!«*0* ' 




of 8 good deal of intewst, and I mention"ffiS™ 
although ii is Tjui'i all aloog th.: Lancasli ire coast, 1 kao>v no 
other place where you can so easily dnci it alive »nd ia its natural 
state. It is called Pholas Candida. A place where it Bnay be 
seen is about half way between Blackpool and Southsbore. Vuu 
may notice there on the sand, and projecting above it, a mast of 
tirm black peat. If you look doseiy^at this, you will see thai it is 
the remainB of an ancient forest. There are about a dozen Slumps 
of trees imbedded in it, and the rest consists of vegetable matter 
hard pressed together amongst the roots of these trees. At ihe 
lowest edga of this mass you will see great numbers of holes in 
the upper surface, and these are occupied by the pholas animals, 
which bore the holes to live in. 1 mention this spot particularly, 
because with your knife or any simple tool you can easily breai 
away a piece of this material with the living shellhsh in it, and 
take it home, put it all together in aea water, and see the things in 
their natural state. The place at Blackpool, however, where these 
shellfishes live in numbers is lower down in a bed of day, whigh 
you can see extending as far as the tide goes out. There, at Igw 
water, you may walk over acres of this day riddled through by the 
pholas, and they present really a rcry curious sight. The waves 
come in there over this flat bed of clay like a great planing 
machine, and keep wearing the clay lower and lower, but slowly, 
because the day is very stiff and firm. As it wears away, tba 
pholas animals are gradually laid bare in their holes, and when 
that happens they die. Young pholases, however, begin life afresh 
and go down deeper into the clay, so that you may see at ajw 
time there a very singular thing, which does not happen wilfl 
ourselves, namely, a great cemetery or burial ground of dead 
pholas on the surface, while all the living generation are btiriad 

The next bivalve I shall speak of is the Teredo, or ship-worm, a, 
very formidable plague to wooden ships. It eats into the wood, feeds 
upon the wood, in fact, and bores passages in all directions through 
it, so as to make it completely worthless. I wili show you the aniinal 
on the screen. Thereare two shells at the lowest part of the anims), 
then the siphons or tubes form the long soft part, and have ail 
appearance very much like a worm, which has given the name of ship- 
worm to this creature ; it is, however, a bivalve shelL This tere<Jo, 
though it is sndi a pest to wood-work exposed to the sea, has dooe 
one trifling good service, and that is, it is said to have suggested to 
Brunei the plan of tunnelling which was used by him in malting 
fAe Vharaes Tannei, and that I beVie\e is aY\ ^feft ftWid that can ttt 
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hg the bivalves, I shall now say one or two w< 

other moUiisca. I told you that in order to obviate the 
nilty of putting a hard case upon the bag of viscera which 
IS the chief part of the body of all shellfish, the mautle or 
f fleshy covering in the bivalves is split into two halves. In 

Univalves of which I have now to speak, another kind o( 
'iston is made for continuous growth, which is done by cutting 
Y one end of the mantle, so that the animal is at liberty to 
t in that direction, and consequently the univalves have always 

cone shape which you see most evidently in the common 
let. The univalves differ from the bivalves in this also, that 
foot does not stand out like a tongue, but is a Hat disc upon 
;h the creature can walk with a sort of gbding motion ; and 

have a projecting head with a mouth and organs of sense, as 
t snd touch, because they go in search of food and select 
I suits them. There is a remarkable thing in the univah 
Ifisb, and that is that they have in their mouth a very pecul 
1 of tongue, an organ for taking tlieir food, and this is in 1 
1 of a long strap, the upper surface of which is covered ov 

little hard teeth, set in transverse rows. The front part nf 
long strap goes into the mouth, and there ciin'es over a hard 
lion, so that there is a curved surface able to be pushed out 
1 Ihe opening of the mouth, and the teeth over that curved 
Standout like the teeth of a saw, or n half round rasp. Bythis 
M these univalve shellfish rasp the food which they take 

their mouth. There are a great many kinds of univalve 
usca, but 1 must only mention one or two ; there are snails 
slogs for instance, with which you are all very femiliar. Most 
lie think of snails only as being injurious in gardens; but our 
hbours on the continent find them good to eat. There is one 
I foond in our southern counties which is called the "edible 
l," and it is called so, as Forbes remarks, not because it is 
:r for food than the other kinds, but because there is more of 
It does not appear, however, that even these large ones can 
rt us to try such delicacies in this country. The slugs, oiH 
Is without shells, are a great plagoe to gardeners, but there in 
kind of them that deserves a word of commendation, becaiuM 
tea not eat vegcuble matter, but feeds upon worms. This sluf J 
fled testacella. It is found in some parts of this country, but 
ars to have been introduced from abroad ; it is chiefly found 
irsery gardens. It is a very curious little creature, and has on 
lery tip of its tail a little shell placed there like a shield ; the 
9m of which provision is at once evident when you temembci 
"" ff avature feeds on worms and go«s 4tj'«tt yrXq 'Otv^ 
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S in order to find Oieiti- But for lUU sliit;] 

would lie in danger of Iwing eateu up from behind hy auuther of 
these worm-eniers on the same erruiKl as itself, aiid lliis little sbcll 
is therefore of great use lo tlie creature by guarding it In the renr. 

The cotHmoH limpet deser\-cs a word of notice. It has a 
simple tone-shaped shell. It is found on eiery exposed sea-coai:! 
sticking to llic rocks, and its shape is beaiitifiiily adapted for 
rcKisting the force of the waves. At low water at Puftin Ibland, 
you inny find some very good illustrations of Hie limpet. Wbere 
the BCa is very rough, there you find the cone of the limpet is 
flatter; the limpets there wear the limestone rock into piu just 
of the same shape and si/e as the base of their shell, so that no 
amount o( side force cnn possibly dislodge them, 'lliey are 
good illustrations of the conical shajie which all univalve shelh 
have, (lenerally, however, the cone is not straight, as in tliis 
case, but twisted like a corkscrew, as you see in the common 
whelk. If you could open this whelk-shell and make it straight, 
you wonld see it then as a long cone ; but by being twisted in thi* 
way, the shell is made not only more compact but much stronger. 
Thewhelk is an animal-feeder. It can put out at its mouth a long 
trunk in which is contained one of those peculiar strap-shaped 
rasps of which I have spoken, and which it uses for perforating 
bivalve shells in order to get at tlie animal within. It bores a neat 
round hole into a shell such as you often see in shells lying on tlie 
shore, then puts in its long trunk and extracts the meat 

The highest of all the mollusca are the cuttle fishes, of which 
we have an example in this painting of the common octoiuis. 
None of our British kinds have any outside shell for protection. 
They are very remarkable looking creatures ; tlie body is shaped 
like a kig, and there are two great eyes, which give them an in- 
telligent expression, causing you to pity them when you see them 
lying helpless on the sliore. Round the mouth are eight or ten 
loiig arms. These arms are covered on their front surface with 
suckers by which they are able to lay fast hold of anything ihey 
wish to take as food. The mouth itself is provided with belles, 
like the beak of a pan-ot, and if anything is once laid hold of by 
these suckers and drawn to the moutii, its escape is impossible 
At Lhnduduo, I ha\e caught as many as half-a-dozen lai^e cuttle 
fishes, which had been thrown upon the beach, and I had many 
opportunities of watchmg them. If one is put into a pool on the 
shore you will see it swim by a sort of rowing motion of its arms; 
if, however, you tease it, as I am sorry to say I did with a 
asking Stic):, it adopts a different plan of locomotion ; and tliis 
Mttf Ti5e of !lie water wVwVi is ?.\i.wfto.\i;\N taken in qnd 
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Ted ill breathiug. The gills of the cuttlu fish ar^^IS 
'Sch side of the body, and are lodged in two pockets. I'he water 
is drawn into these pockets by tlieir expansion, and is expelled, 
when they contract, through a tube on the unrlcr side of the body, 
and this tube having its opening directed forwards causes the 
animal, when the water is driven from it very rapidly, to shont 
backwards with great force. I have seen one, when angry, shoot 
backwards in this way with such force as to throw itself completely 
out of the water. Sometimes in addition to this mode ol 
swimming they adopt another means of escajjing danger, and that 
is, they throw a quantity of black ink, which is a peculiar secretion 
of the cuttle tish, and so leave a dark cloud behind them under 
cover of which they can easily escape from an enemy in ihe water, 
I liave now brought before you, in these four lectures, four 
diEfcrent plans of animal stnicture which are observed in the lower 
animals, or those included in the mvertebrate division of (he 
animal kingdom. I'he first plan showed us that life may exist in 
matter independent of any organization at all. The second plan 
showed that the stomach, whose duty it is to jjtovide material for 
growth, is the most important organ. The third plan showed an 
infinite variety of designs for locomotion, all worked out from the 
same original type of structure, and presenting to the eye of the 
mechanic every conceivable plan and contrivance for elTeciing 
that object, and all to be seen in perfect working order. And 
the fourth iilan, the one that I liave brought before your notice 
to-night, where the body consists of a bag of soft organs ; thft 
lUustrations of which are perhaps chiefly interesting and valuable 
on account of the endless forms presented by the protecting 
sheila. These shells, being uniformly hard and strong in their 
texture, will give to the intelligent engineer the most perfect and 
suitable illustrations of the exact form required in each instance to 
gain the greatest strength with the smallest quantity of material 
for various purposes to which cast-iron can be applied. It is strange 
that those whose business it is to create — for all machines and 
engineering works are creations — appear to have generally neglected 
these perfect models, and worked out with infinite mental labour, 
Wid great waste of time and money in blundering, the very same 
ideas that arc clearly and exactly illustrated over and over again in 
the natural world. It i.s not, however, within the province of the 
naturalist lo do mnre than try to have it imderstood by those o 
Cemed, that all animated nature is full of hints for perfect 
existing mechanical contrivances, and of suggestions for inve 
not yet even thought of, which may ptomoVc \\\t ccj'«i^*j\; 
fgbtifare, and bappineis of mankind. 
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ON COAL. 



^.'Siisuk RuflCOK, "iiu [jresiclfil, iiitroikiLai thu li'cUirtT, ani! 

«t4ted that liis subject would be '■ Coai, its economical vnlue, .mil 
its importance in the arts and sciences." Proressor Roscoe a<liled 
that the lecturer had made a special study of liie suliject of coal, 
and had pubhshed a book which had attracted great and deserved 
atleutiuu trom scientitic men, nianufaclurers, and the Government, 
and had led to the ajipointnient of ;i Royal Commission for 
inquiiii^ into the subject of coal, the amount of its consumption, 
lis probable duration, &c. 

Professor Jevonm explained that his remarks would be a oon- 
ttniuiion of what Dr. Roscoe had told ihem in his lectures about 
coal, its numerous uses, and the great power e\-olved from it by 
ils conversion into heat and motion. Perh.nps, continued Professor 
Jevons, the best way of showing you what coal does for tis is lo 
imumerate a few of the principal uses of coal as we apply it. 
First of all is its domestic use. We use it for warming our 
dwellings and for cooking. I think that during the present severe 
weither nobody wilL mistake the value of coal in warming our 
houses. I see a great number of carts of coal going about the 
streets — everybody seems to be trjing to get a good supply ; but 
Dr. Roscoe tells me that his coal cellar is empty, nmch to his 
inconvenience. I am afraid that a great many others may be in 
that unfortunate position, mth the thermometer near zero. 1 will 
give you on idea how much coal is used for domestic purposes. 
According to the common estimate, the average consumption of 
coal for each person annually is one ion, which would make 
about 30.000,000 tons per annum, in the I'nitcd Kingdom. It U 
obvious that wc should not know what to do without conl, for- 
thfJ* is not timber enough in the country \q su^^^X-j "i\«^t«s- V.^ 
11V burnt wood, we siioir.'d need lo plaM ticmW vVw -KV^iXii »A *«■ 



country n-ilh uees. In France wood is uitl used as fael, and 
mnch valuable land has to be {^ven up to the growth of forest 
trees. Eveo in the United States, which used to be consideitd 
an inexhaustible country-, the scarcity (rf wood is becoming fell in 
some parts, and the Washington government has recommended 
tJie planting of trees in some of the slates. But the domestic use 
of coal constitutes a small part of its utiiity. The next use I may 
mention is in the working of the metals — ^for instance, in fte 
blacksmith's forge. From the earUest tiroes coal seems to have 
been used for tfie blacksmith's fire. It is peculiarly suitable for 
making that sort of " breeze " or small coal which is necessary for 
the blacksmith. It is very probable thai the abundance of coal in 
^taft'ord shire and Yorkshire assisted in the fonnalion of the aon 
trade, and the production of those numerous hardwares for which 
fiitniingham, Wolverhampton, and Sheffield are celebrated. But 
in ibe present day we use coal in a much more extensive way than 
fonneiiy, in the coal blast furnace, in making iron, .-Vnother qsc 
of coal is in the salt trade, which is confined to a limited district, 
where tlie salt rock occuis in Cheshire; but thai small district 
supplies the greater part of the world with salt Salt was otigiiully 
derived from sea water, through evaporation, by the sun's rays ; 
instead of the heat of the sun we now use heat from coal, whicfi is 
emplojed for boiling the salt pans. Without this cheap foel, salt 
could not be produced at its present low cost, so that we are able 
lo send salt to India, Australia, and South .\merica, and almost 
e\er)' part of the world. Wq use coal again in the chemical 
manufactures of this neighbourhood. Il is almost impossible to 
cany on any chemical operation without an abundant supply of 
heat, for boiling, melting, evaporating, dissohing, &c. The tiief 
chemical manufactures are situated between Manchester and 
Liverpool and on the Tyne, the banks of which river are covered 
with Uiem, as is evident from the fumes and ihe great heaps ot 
refiise. But far more important is the iron manufacture, or the 
ameltiDg of iron with coaL This mode has arisen witliin the U$t 
loo years. It was not until the middle of the List century that 
men succeeded in making iron by the use of coal ; pre\-iously it had 
been done by charcoal. To such an e.-ttent has Ibis trade grown 
that diihng the last year iS million Ions of coal were used in 
amelting and puddling iron, that is making it into wrought irou. 
In all these trades coal produces heat, which is used directly. 

The next use is where we turn the heat into force, as in the 

steam-engiae. I need not in Manchester remind you how much 

Jtg steam-a^ae does for us. It is used tn do ftt& ^%ax» ' 



our work, and such is iis force that the people of England are said 
lo perform as much work by the aid of Oie steam-engine, as ali 
the people ill the world could effect by hand labour. I will 
enumerate a few of the uses of the steam-engine. First of all the 
eofpne pumps for us, that is to say, it gives us the power ot 
maing walei. You may not at first appreciate the full importance 
of that use, but the engine was invented for the sole purpose of 
pumping the water from mines, and without the pumping-engine 
we could never have had our mines to anything like their present 
depth. The iron trade, again, is impossible on a lat^e scale with- 
out Ibe engine ; of course iron was made before the engine 
was invented, but not to the same extent. The utmost difficulty 
was felt a century ago in commanding blast power sufficient for 
iron works, and it was only by the engine that the power could 
be obtained which is necessary for producing large iron plates 
in the rolling mill. It would be utterly impossible to obtain this 
power by means of wind mills. From 20 to 50 \vind mills would 
be required lo produce the power ot^en needed in a mill, and 
duiing one-half of the year there might be no wind at all, and the 
works would come to a stop. Again, the engine is necessaryfor 
all our machinery in Manchester, Steam-boats depend entirely on 
coal, for not only are their hulls and engines made of iron, buttliey 
arc propelled by coal I do not think that sailing vessels will be 
used much longer for passenger traffic and the conveyance of the 
more valuable class of goods. There ivill be as htde travelling by 
SMling vessels as tliere is now by canal boats. If any of you 
Kmember the Liverpool harbour and docks ao years ago, and 
knoT what they are now, you will realize how important a pari 
coal plays in our steam navigation. Again, 1 need not remind you 
that our inland conveyance is carried on by coal. The locomotive 
is made by the use of coal, and it burns coal ; the railroad is also 
made by the use of coal for it is an iron road ; and although our 
tailways do a great deal for us, I think they will yet do much more. 
I lio not think we have reached the limit of railway construction 
e«n in this country, and as to tlie rest of the world, with the ex- 
ception of a few countries, tliey have yet to make their railways, 
Probably you think that I have mentioned enough uses of coal, 
but you must not forget that this room is lighted with coal, and 
that all our best means of illuminaiif n .»re low derived from coaL 
For nearly 50 years we have had gas illumination, and it has been 
jpdoally extending until now every small town in the country is 
Eidued wiih gas, But during the last IwenlY 'jcM^ ■«% Vwit 
' the production of peitole»im w "[ja,'w,'5\u «S*.| *>aB. 
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_ i a betttr light thnii by any tallow dip for about a. fjtl 
night. Candles used 10 be made of wax, spermaceti, a ..^^ 
e.xpeTisivi; materials ; an lini: looking caodles, and much cheilfMt 
ones are made from [laradii, idiicli is derived from coal. Nor con 
we see any end to the uses to which the oil derived from coal ma} 
be applied. The thicker oils are used as lubricants, taking; lh( 
pLice of palm and other oils. We have used tar for a long timed) 
a kind of paint to preserve wood, but it is only of late years tbu 
it has been found to yield a multitude of Viduable tiling, such 01 
colours and scents. The beautiful mauve and magenta colours an 
derived from coal-tar, as well as the pine apple and other flavonfS 
that are used iji the manufacture of sweetmeats. We used to thJnit 
that al! the wealth came from India ; it comes rather from tbc 
" black diamond," as coal has been appropriately named. 
1 oaimines are our Indies. Dr. Roscoe told you the other niriit 
that the diamond was nothing but carbon. A diamond hnra|y 
larger than your finger end would be worlh thousands of pounds^ 
but I think that, according to a just estimate of utilily, a ion of cob] 
is far 'more valuable. Vet you can in some places 
toal at the pit's mouth for five shillings. 

Now, considering all these things that coal is capable of pri> 
ducing, we cannot be surprised to find that the coal fields arc tlM 
chief seats of our industry. I can give a very simple reason for 
thai, namely, that if you carry coal far its price is very mucll 
enhanced. Coal at the pit's mouth is perhaps the cheapest thing 
we use, but its transit to any distance doubles its price. Iron costs 
j£8 a ton J copper, lead, and other metals nearly ^100 a ton, y«t 
coal, which is capable of producing all these things costs but JS. 
a ton, Altliough we have developed ways of carrying things 
cheaply, you cannot carry coals to London without aboat 
doubling its price. The best coal, which will be 9s, or loB. at Uw 
pit's mouth, will cost about zos. in London. In Brighton Df- 
Roscoe infonns me that coal is 3zs. a ton ; it is obvious, therefore, 
that no business can be profitably carried on in Brighton whidi 
requires a great consumption of coal. A large number of iron 
ship-builders in London (15,000 it is said) are out of work. 
Various reasons have been assigned for this, but I believe the real 
cause is the high price of coal and iron in London, owing to tbe 
cost of carriage. Iron cannot be carried to London without 
increasing its price about 15s. per ton. The qiiotations of iron in 
[ge London market are always h\g,\iet feaTv \t\ d\e StafTordahtre 
viet and in the other iron and coal &e\4s. CoaXHa ai«>.^ 




m^n, consequently shipbuilders cannot coin|3ete witli builders 
•he Mersey and the Clyde. I could nevfir quite understand 

ihe masters established iron shijj -building in London, where llie 
:les used are so much dearer; and it is not sur)iri sing that 
tal of them have failed. The unfortunate result of this 
)Iac£d trade is, that when bad times come, and th.e demand 
iroD ships falls off, thousands of workpeople are idle and 
iring, To show you how the trades arise upon our coal fields 

S^idc to them, I will show you a plan of the English coal 
S. [Professor Jevons exliibited on the illuminated screeti a 
B of maps showing the coal fields and the grouping around 
1 of ihe great trades of England.] lliere was no part, il 
lared, where population was so concentrated as about 
ichester. The South Wales coal fields were said to be inex- 
itible. In Staffordshire the coal was 30ft. thick and near the 
ice: The fields in Yorkshire, Shropshire, Durham, Cumbedatui, 
Scotland, were pointed out There was a small field of coal in 
Forest of Dean, a tract of country which was formerly very 
brated. An immense tiude had sprung up in South Wales. 

Newcastle field was the oldest. For five centuries Newcastle 
supplied London with coal through the coasting trade. From 
Whitehaven field Ireland was supplied. The Scotch fields 
( in Ayrshire, Fife, and the Lothians, 

tie Professor next pointed out the scarcity of manufacturing 
IS is the agricultural districts, such as Lincoln and Bucks. 
lie agricultural counties there were handicrafts carried on, such 
braw platting, making boots, gloves, lace, &c. These trades 
: cnknown in the mining and iron districts, where they had 
I profitable trades. He mentioned instances to show how 
H shifted their locality through the discovery of coal. The 
lien ttade of England, he said, was for many centuries its 
e trade. The Lord Chancellor sits upon a woolsack, as an 
lem of England's power. The wool trade was formerly most 
peious in Norfolk, but it had almost disappeared from that 
ty, and was transferred to Yorkshire, because the weaving, 
*as now done by steam power, for which a new and cheap 
lyof coal was necessary. A more surprising instance was the iron 
(, Formerly the iron used in England was made by means of 
Mai, and Uie chief seat of the trade was Susaat. The 
9Blwas got from the woods, taken to a small forge, ami 
rwas got from a watemhcel. About 200,000 tons were thuft 
v produced in this country a century ago, tio\. toqtc "^.tc^ \ 
fiuited oaf of one iron works. The non UsiAe \\aa \« 
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removed to Staffordshire, South Wales, Newcastle and Scotiu4 
and there is not a ton of iron now made in Sussex or onywluic 

near it. 

It is difficult to express what a contrast Lancasliirc now prescnii 
to ils former condition. About the year 1400, four ceoturies soi 
a half ago, it was looked upon as a kind of morass or wasta and 
tile people were supposed to be so uncivilized that travellers dil 
nol like lo venture into it. Some ancient documents reccotly 
discovered, show it to have been about the poorest county ia 
England.* One of the most reliable early English writers wm 
Camden. In his " Britannia," a celebrated book, he speaks of 
Lancashire as " that country lying beyond the mountains towards 
the western ocean." He spoke of the people of Lancashire as if 
they were but half civihzed. He says, " first of all, the people 
whom I approach with a kind of dread. However, that I may 
not seem wanting, I will run the nsk of the attempt, hoping Hat 
the divine assistance which has favoured me hitherto wilt not fail 
me now." That is the way in whicli lie regarded our forefathers— 
for I have the pleasure of being a Laiicasliire man. 

An enlarged map showing the localization of the trades was 
ihen shown. Almost every trade was found around Manchester, 
excepting tlie great iron trade. He did not know why the metal 
trades were not more niunerous on llie Lancashire coal field — ^but 
jierhaps it was because we had so many other things to do. These 
trades were, however, springing up, and one of the finest sted 
works in the country, was that lately built at Gorton. He had 
hoped to have another map showing [he railways, but the snow 
had prevented it being photographed. This map would have 
displayed the remarkable fact that the railways were most ramified 
and numerous close upon the coal fields. In the agricultural 
districts the railways were fifteen to twenty-five miles apart The 
lines that paid best were those connected with the coal fields. 
Some of the earliest railways, such as the Great Western and the 
Great Eastern, which ran through agricultural counties, were now 
tlie most unfortunate, altJiough at one time great hopes we» 
entertained of their success. On the other hand the railways that 
ran through coal fields, or were connected with them, especially 
the London and North-Westem, appeared to have the power « 
developing an endless amount of traffic Tliis connection of 
railways and the coal trade, the Professor added, is more intimaie 
than you think. The fact is we owe the railway to coal. Railway 

'See Professor Roge^t History ot AgimUMwwa.ti'iwaWE.-fl^i»»j, 
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invented two centuries and more ago for the purpose of 
.curyiiig coal and for no otlier purpose, and for nearly two 
'^centuries they were used only for carrying coal and a few other 
minerals. Again, it is by the use of the locomotive, another 
jooduct of coal, tliat we have been able to spread railvrays. And 
irtiat I want to point out is that the railway system is still 
neceessj*/ for the coal trade, for we could not carry the weight of 
cool we require by any other means. Twelve of the great railway 
Gooipanies last year carried 50,000,000 tons of coal, the remainder 
<was earned by the other companies, and by canal and sea. The 
eoonnous amount of coal we raise depends greatly on the railways for 
its conveyance to the several towns and villages of the country, and it 
is only by extending our railwaj's still further that we can develop 
tbe coa] trade in a way that the coal owners desire. There are at 
present several schemes afloat for extending our coal railways ; 
one line is to run all the way from Newcastle to London, purposely 
to cany coal; another is to run right through the Lancashire 
^istnct, in order to carry coal to Liverpool and to ship it there, as 
wdl as to supply the steamers. Another line is designed to carry coal 
iioai South Wales to Ijjndon. Mow it is plainly by the use of 
I^ways ttiat we develop the coal ti'ade, and it is the coal trade 
lli&l favours the extension of the railway system ; they work one 
teto the other. I will point out another proof of the result of the 
titt of coal depenrling upon the density of population. 

On an average of the whole kingdom there are 344 persons to a 
aqnare mile. In i-.ancas!iire we have i.sSo, that is nearly four 
limet as many as in the rest of the kingdom. Staffordshire has 
6sa, the U'est Riding 564 persons to the square mile. Now 
oantrast that with some of the agricultural counties 1 — Bucks 230, 
Hereford 147, Dorset 192, Lincoln 148. 

The most striking proof perhaps of what coal is doing for us is 

shown in the progress of population. All the coal produriog 

Hiades are increasing very rapidly, lancishire in the ten years 

901 1851 to 1861 increased in population 20 per cent, Staftord- 

lire 33 per cent. West Riding 14 per cent, Durham 30 percent, 

^bmorgilDshire 37 per cenL Now of these counties Durham and 

G^motganshirc are the two counties where the coal trade has twcn 

devdoped most rapidly. Compare those numbers with the 

feOoviog for the agricultural counties -. — Bucks 3 per cent, 

Hcrefwd 7, Dorset s, Lincoln i, Somerset no increase at all; but 

that is a great deal better than a falling off, which we find in a good 

nHB7 counties. Suffolk diminished i per cent in population, 

Wltdure 3, Cambridge s per cent. 





I might go on to point out tlie changes in towns. 

Clhat the larger towns are the more rapidly they 

lioiiately to iheir size. 1 will read a sentence 

report : — " The towns where silk and woollen goods 

arc made increased slowly; the towns famous for 

stockings, shoes, and straw plait increased more ; 

increase of population was most rapid in the seaport 

the mining districts, where hardware is made, in that direcdOR' 
tide of natural induslry has recently flowed." 

1 might show you in another way what coal does for 
mmufacturers, by accounts of the quantities of goods produced 
by shomng in short upon what we live. It is obviouji that we lin 
to a certain extent upon the wheat, barley, oats, potatoes. caXdt, 
and garden produce of our fields, gardens, and dairies. We also 
spin and weave the wool of our own sheep, and the flax grown ir 
Ireland. But it is obvious that these producB arc not capableo 
much increase. On the other hand we use every year a giei 
quantity of foreign produce, not only wheat but things tliat do DOi 
grow in England. Thus we get sugar from the West Indies, t« 
and silk from China, rice and spices from the East, and cottffli 
from almost all parts of the world. How do we get these things? 
Of course we have to pay for them. For every £100 worth af 
material brought into the country we must send out ^100 worth 
in return. To India we send a great deal of gold that we get 
from Australia, and we send silver got from South America. But 
how do we get tlie gold aud silver ? We must pay for them. We 
get them by means of our coal produce. We work all these 
materials up into things which other nations desire to buy, and it 
is only by constantly shipping more and more goods that wegel 
more and more additions of material aud food. The consequence 
is we must go on using more and more coal ia our raanufactora, 

I will now draw your attention to the quantity of coal we 
and the value of it 

Perhaps you might say that it is not our coal alone that 
valuable, but our copper, iron, and lead mines. But these 
unimportant in comparison with coal. I can tell you CJta , 
what these things are worth. Mr. Hunt, of the Mining RecoiC 
Office, in London, states that in 1865, the value of the ores lakti 
was: — iron, copper, lead, S;c., £7,821,000; coal £24,537,000; SO 
that the value of coal is three times as much as the other minem 
L may see this in another way. ^Ve not only use our 
Tj lead, iron, and other ores, but we import largely from olHei 
The fact is that the Cornish copper mines ar? Ijeginniflj 



and we can get metals cheaper elsewhere. Many years ago 
there prevailed a notion that we nere using a great deal of coal. 
but there^were only wild guesses as to the quantity, until 1854, 
nrben the first return was made at 64,600,000 tons. Since then ^ 
have had accurate accounts of the consumption of coal every yej 
The following table shows the quantity of cojI raised and expon 
Clreat Britain from 1854 to iSC^ -. — (See PosUcrijn, 
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COAT. TRADE OF GREAT lltilTAlS. 
Y«ir, Coftl rai*eil. Cos 

lSi4 ,. (i4,6ei,oooi< 

1555 64.4s3.ooo , 

1556 66,645,0x1, 

1557 65.394.000 . 

»!^8 65.008,000, 

1659 71.979.000 . 

i85o 83,208,030 , 

1861 85,635.000 , 

Ifl6a 83,638,000 „ 

»K3 1 88.192,000 „ 

»»4 9i.7S7.D00 „ 

1865 98.150,000 ,. 

Ijist year people were rather alarn 
nd risen to 98 million tons. It ' 

nillion is. At the Crystal Palace tliey have printed a piece of 
mlicowith a million dots, to enable people to see how many a 
nSlion is, but you cannot take in the number with the eye at all. 
wnsequenily you cannot conceive what a hundred millions would 
w. But to give you some notion of what the weight and si^e of 
bis coal would be, I have drawn here a representation of the 
iireat Pyramid of Egypt, and another picture by the side of it, of 
he much greater coal pyramid which we consume every year. 
rhe Great Pyramid, it is said by Herodotus, was twenty years in 
oibling, and it took 100,000 men all that time to raise it. It 
lonlains 3,394,307 cubic yards of stone. The coal raised last year 
rould make a Pyramid of 100,000,000 cubic yards, since a cubic 
tud of coal weighs very nearly a ton. The quantity of coal we 
aised is therefore thir^ times as much as the Great Pyramid, 
iltich is considered one of the greatest works ever erected. The 
Wgest sto)ie work in England is said to be the Plymouth Break- 
Vier, but the Great Pyramid contains six times as much stone A 
iftt ; yet our coal raised in one year was thirty times as much jf 
le stone in the pyramid 1 
Tlie question lias been suggested by a number of writers 1 
vhether sooner or later, we shall not get to the bottom] 
jj; vofti mines. A hundred million tons of coal is an eiior 



qnuitity to consume every year ; but it is not this am( 
is so alarming as the rate at which the consumption incxciises tcm 
by year. In 1865 we used half as much again as in 1854. Now 
if we go on in that sort of way — if in 1876 we use half us muEh 
again as wc do now, and still went 00 in that way, wc should gel 
to amounts thai would be alarming to contemplate. Some people 
say we shall not do so — that we shall economise our coal, use it 
more carefully, and get more power out of it in the steam engine 
The fact is, we are doing that now. Iron is now made by much 
less coal than it used to by, yet we use more coal than ever. 
Kngines are better now than they were in 1854. bui this has not 
cut down our coal consumjuion j then what is the likelihood that 
it will do so in the Allure ? The fact is that coal is a thing of 
such ^■alue to ns that we cannot help spending it — there is more 
temptation than we can resist. It is such a useful substance that 
we find wealth in it more and more every year. The consequence 
k there is one trade that always seems brisk. If you read the 
trade reports in the newspapers, you will see that the Cardi£f stesm 
coal trade always seems to be brisk. But, 1 ask myself ts ii 
really favourable for us to be spending our capital at this rate, tnd 
will it always be so? 

And again, it is not so much the amount of coal that we uso, hs 
tliat compared with the coal produce of other countries whidt is 
ailonishing. It is obvious that our enormous jiower of coti 
jKirtly explains our extraordinaiy position in the world. Yoo will 
appreciate what I mean when I compare the total produce of coal 
in Briuin and in the world. Wc used 98 millions ; now the 
known coal produce of the whole world is said to be 164 millions, 
so that we used 60 per cent of the coal used in the whole vroild, 
although we are only 30 millions of people out Ot about l,»» 
millions. All the Anglo-Saxon nations together use 116 millions, 
or 70 per cent — seven parts out of ten are used by one race. 
This may explain, in some degree, the advance of this race in 
material power and possessions. But then we ought to ]o6k ai* 
the comparative quantity of coal in different parts of the world 
Professor Jevons referred to a map showing the proportion of the 
coal in various countries. Russia was said to have a large 
quantity of coal, but scarcely any of it was worked, .\ustralia has 
a certam supply. New Zealand has a small deposit. The maker 
of this map has indeed inserted a large black tract, or coalfield, in 
the interior of Australia. Now, if he is correct, and tiiere are 
really those extensive coalfields, Australia will probably become 
^ ^ffirst country in the world. But I atn very much afraid it is a. 



bnstake. But when you come to Nortli America we have the 
most solid reality as to the extent of coal. In the interior lliere 
^re great expanses of coal of the most perfect quality, and iii 
orcumstancee most suitable for working, such as the Pennsylvanian 
Bni] Mississippi fields. The better way will be to compare ihc 
rdative extent of coal produced in different countries ; — Greal 
Britain, 98 million tons; Zollverein, 20; United States, 16^ 
^lapidl^ increasing); France, 10; Belgium, 10 {also rapidly 
mcteasing); Aiisttalia, 4J ; Russia, li; Spam, 300,000; New 
South Wales, 150,000 ; Ireland, 123,000. The last quantity is as 
much as one respectable colliery in England would turn out. It 
is ^id that there is a large area of coal in Ireland, but it certainly 
is rot worth much. Among all the reasons given for Irish misfor- 
tune, this absence of coal goes a considerable way. 

Now let us compare these products of coal with the quantities 
bdieved to exist in different countries. I have represented the 
extent of the English coa! measures by a black square indicating 
5.400 square miles ; Pnissia contains r.370, much less than 
Kngland ; so with France, 984. The United States contain the 
(attest area of coal in any country— viz., 196.000 square miles. 
They have the means of developing the coal trade almost 
indefinitely. 

The only thing that remains to be said is as to what we ought 
,io do under the circumstances. 'ITie fact is that if other nations 
jp on increasing (heir yield of coal — especially if America develops 
laet resources, as she must do — then we cannot hold such a 
Itrominent position as we do now. I do not say that we cannot 
always be [tretiy well off, but ne cannot take the lead in the 
maikels of the world, and !iave the largest shipping and coal 
trades, and the largest manufactories, because not only shall we 
find it difficult to get coal for ourselves, but they will be getting a 
great deal more, and coal will be much more valuable 50 or too 
years hence, because it will be more and more a source of power. 
Some people think that we ought to begin cutting down our 
pioduce of coal, and that we ought to prohibit the exportation to 
France and other countries. But that is a very narrow-minded 
view of the question. I do not know that we have a right to keep 
tilings to ourselves in that manner. I think it is the duty of every 
eosntry to use its wealth to the best purpose, and to communicate 
H in the way of free trade. We do not give theni om- coal for 
nothing — we gel something for it ; and it would be in every way i 
« most short-sij^hted policy to violate tlwse aduraa-XAt itsW.-Ko.^i ct ^ 
* ' fcrFAjc/j MiincJieiler has done sout)iOa,U tSMia't^- '°"'' 



if by increasing our trade we are diminishing our wealtli for tl 
future, theu we ought to l»e tbiuking about lliat. It strikes me 
that the best way to prepare for future time is by taking every 
advantage of tlie present. I do not think that our descendants will 
blj:ne us if we take proper precautions lo use our coal econonu- 
cally, aud to get the best possible return for it^that is to say, the 
most force and tlie most wealth, and not lo burn it needlessly 
upon waste heaps, as is sometiines done. And, aecoiidl}-, whea 
we get this wealth from our coal, we must take care m turn i[ to 
the best account. Vie must use our wealth as it ought to be tiseit. 
If we use it in mere luxury and mismanagement, such a-s in our 
dockyards, we shall be justly blamed ; but if we use it in improving 
the condition of every one, so far as it can be improved — if we 
use it in providing education, in improving the dwellings ; and if 
we could 1)3' any possibility use it so as to do away with pauperism, 
and to provide Hbraries and institutions, or anjtiiing that will 
increase the power and improve the character of our people, then 
I think we shall never be blamed for using our coal too fast. This 
is the w^y in which we shall best provide for any future difficulties 
under which our country may labour. 

A vote of thanks to tlie lecturer, moved by one of the audience, 
3!id carried with applause, concluded the proceedings. 



Postscript. — Several years ha\ing elapsed since the delivery of 
die above lecture, the following additional figures can be given to 
show the subsequent progress of the coal trade of the United 
Kingdom. 

Vear, Coal raiaetl. Coal exported. 

iS66 101,630,00010111 9.367,00010ns 

iSa7 104,500,000 10,565,000 ., 

_ iS6S 103,141.000 10,967.000 ,, 

"ft'S I07,427,.joo „ 10,744,000 ,, 
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LECTURE I. 

FOOD AND D I G E S r I U N . 

Phvsiologv coneemed with the workings of the animat body. The 
body is in a state of constant renovation and decay. The body com- 
pared to a steam engine at work.— How is the body kepi warm ? How 
is it r^aired.' — Food. From what elements deriied — Oxygen, 
Hjrdragcn, Nitrogen, and Carbon — Zxperinients showing some of the 
properties of these gases. Plants prt-pare food. Plants absorb 
carbonic acid, water, and ammonia from the air— animals eat plants. 
The principles of the animal body arc found in plants— albumen in 
cabbage— fibre in wheat^casiue in peas. — Flesh-making food — Heat- ' 
giving food— -fat s latch— mineral food — diet of the Esquimaux. In 
the process of digestion food is rendered soluble and ptdverizcd. The 
nioath— its structure — changes which the food undergoes in the mouth. 
InjaU ration— swalloning. The stomach— structure and situation o1 
Uic stomach— gastric digestion- gastric juice- acid in the stonmch- 
CBcIosniosls-— exosiiiosjs. The pylorus the cummcncemcnt of thesmJil 
lniMtlne». The bile and pancreatic juice— fat converted inti- an 
cnilUon b; the bile. 



The subject, my friends, upon which I am uotng to speak to you 
tins evcDiDg, and on several other occasions, is a very interesting 
Mid a very important subject— it has to do witli the workings of 
our own bodies, I dare say there are many men in this room who 
kre skilful mechanics, who know a good deal about the working of 
muicJite machines. Many of you, I doubt not, thoroughly under- 
tumd the mechanism of a watch ; others again are acqiuinlcd 





with the steam engine ; others can explain how the iiiicrf! 
and telescope are pnt together ; but I engage to say that very few 
of you know anything about what goes on in your own bodies. 
Surely these machines are as important to us as any of those I 
liave mentioned Now, it is with the workings of these machines 
that physiology has to do. Physiotogj' is a long word, and in the 
course of my lecture I will try, as far as I possibly can, to avoidall 
long words. 

Yoii know that our bodies are made up of a number of different 
organs and tissues. In the first place there is tlie heart, the cential 
pump in llie middle of the body, which distributes the blood 
through its vessels. Then, again, there are the lungs which purify 
that blood, 'llien, again, there are Uie stomach and bowels, which 
]irepare the focd, and gradually turn it into blood. Then, again, 
there are the brain and the nenous system, which regulate the 
^vhole working of the frame. Now, it is with all these that 
physiology lias to do ; it is concerned witii their functions. 'ITie 
word function means the same thing as duty. The ditfercnt 
organs and tissues have all distinct and separate duti^ or 
functions; and the science which deals with ihem is called 
physiolog)-, 

Our bodies have been compared with the sttani engine, and 
there is a certain similarity in the manner in which the one aftd 
the other fulfil the work assigned them. Look closely at the steam 
engine, ^\'hat takes place there ? You put fuel into the fomoc^ 
the water iu the boiler is heated, and expands into steam ; then 
tile piston works up and down, this moves the wheels, joints, and 
levers, and so tlie whole engine is set going by the fuel or coal 
which is put into llie furnace. Now, just the same tiling happens 
in our bodies. We lake food, that food passes into the stomach j 
by reason of that food we are kept warm, muscular force is 
developed, and the levers and joints within us are set worktug, as 
we see in the steam engine. There is, however, an important 
difference between tlie two. You know that the burning of the 
coal in the furnace has a tendency to wear out tlie sides of the 
boilers ; and the passage of food through the stomach also 
has a tendency to wear out its coats, How is this wear and 
tear reneived .* It is renewed by the food, for we not only 
take food to warm us, but we also take food for the bnilding 
lip and repairing of the body. It is not so with the steam 
engine. When the iron boiler is worn out, we cannot throw 
in masses of iron to be converted into a new boiler, or to repair 
&Se old one; but we are forced to stop the wovking of the engine 
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r» put lu new pbtes. ^ ou sti:, therefore, thaf our iXKlies ■ 
surpass ihe steam engine, in the perfection of their inechanisin, 
inasmuch as they are self-rfpairiiig. 

Having told you that our bodies are both repaired and kept 
warm by food, let me say a few words now in regard to that food; 
of what it is composed. Ifwe separate food by chemistry into its 
constituent atoms, we come to certtiin elements beyond which it 
cannot be divided. What are those elements ? They are princi- 
pally four, oxygen, nitrogen, hydrogen, and carbon. These four 
elements enter largely into the composition of food. Now of these 
elements three (hydrogen, nitrogen, and oxygen) are gases. Does 
it not appear to you a mar\-eilous thing that elements, which when 
separate are mere gases diffused through air and water, should, 
when combined together chemically, form solid articles of food? 
In addition to the three gases, there is also carbon. Now what is 
carbon ? Vou have all seen it in charcoal ; another form of carbon 
is the diamond. I will now try to show you a few of the properties 
of these elements. And first as regards oxygen. O.tygen is lh« 
gas of which there is about one-fifth always present in the air, 
There is about that proportion in this room at the present time. 
and the other four-fifths are composed of nitrogen. In l!ie air these 
two gases are not chemically combined ; they are merely mixed 
together, diffused one through the other. Now it is a curious fact 
that when they are not actually combined, the nitrogen appears al- 
together inert ! it seems merely to render the oxygen less active; in 
bet it has a diluting effect, such as when water is mixed with brandy. 
Dr. Morgan then burnt a piece of phosphorus in a jar of oxygen, 
which emitted an intensely brilliant light. This illustration showed 
the power of oxygen to support combustion. He next explained 
that hydrogen was itself inflammable, for the moment a hghted 
paper was inserted into the jar it became ignited, because of the 
oxygen of the air combining with it. Theresuhof the combination 
being the production of a small quantity of water — a combination 
in feet of oxygen and hydrogen. Another experiment showed 
■till more strikingly the close affinity of these two gases. It was 
tfie explosion of a bladder filled with oxygen, the report being as 
tond aa a cannon. 

I am not showing >ou these experiments, continued Dr. 
Morgan, merely to make a blaie or cause an explosion, but to 
impress upon your minds some of the properties of these elements. 
Wiu that we are concerned with them because they arc the 
principal elements of food. Another element of food is nitrogen, 
with which this jar is filled, and you perceive that it has ihc ^ww 
ef tuctinguishiiif^ Uninc ; (lie nionieiit t \n\r(K\v\cc tos, ^a"cv&ft\\ "yvw 



The Ia«t of the ekments I shall briug beTore )'Ott is 
look at this piece of cliaicoal ; that does not look a very tempting 
ingredient of food ; nevertheless this carbon, when it is in cotubintf 
tion with these gases, assists in forming some of the most sjtVOQiy 
and delicious articles of food. Yoa must allow that this ii 
strange — that these mere gases and this black charcoal, vith 
perhaps a little sul[Dhur, can by any process be elaboiated 
into food. Now let us consider how this takes pUce. By 
what agency is it done ? It is done by plants. Our stoimdis 
could not get food directly out of these gases and this 
charcoal; plants can ; and let mo here remark, tliere is one obvioun 
advantage in these gases being ditihised throughout the world, for 
so they are everywhere present, and brought into contact with the 
plants. Plants cannot go about and seek their food like animals. 
therefore it is necessary tliat the food should come to thero, and it 
comes to them after this manner. Tlie elements have a uatunl 
tendency to combine, so oxygen combines with carbon and foimx 
carbonic acid, nitrogen combines with hydrogen and forms 
ammonia, and oxygen and hydrogen together form water. Hov 
this is effected we know ; not but we may suppose thai one liu)e 
bit of carbon is taken hold of by two little atoms of oxygen, each 
impressing on the other some change wherefrom results carbonic 
acid — the same sort of process leads to the formation of water and. 
ammonia. Ammonia is the pungent gas which, when you smell i^ 
stings your nostrils and brings tears into your eyes— you can easily 
make ammonia by putting some homs, hoofs, or nails into an iaM 
tube, and then heating the tube, when ammonia will be given off. 
Ammonia is present in the air, sometimes to a considerable eaiteM, 
ii^i^vecially nficr thunder storms. Ammonia is also present in Ian(S 
iiuantitiea in the soil, in fact tlie richness and value of laatuue 
depends in no little degree on its ammonia. 

Carbonic acid is also present in the air. There is a considerable 
r]uanlity in this room, and so tliere is of water in the form of vapour. 
Now upon water, carbonic acid, and ammonia plants are able to 
support themselves. What do they do ? Why the moment the 
(tarbonie acid comes into contact with their leaves they take hold of 
the carbon, the solid part, and store it up, setting the ox^en free. 
In the same way they make use of the ammonia and the water, 
which, after entering upon new combinations, are stored up 
within them. In this way plants prepare food out of the soil ana 
the air. 

\Vhat do animals do? You know that animals feed on i^antt. 

JVoH' it seeros natural that when we eat the flesh of aninulsit 

F th oiild be turned into hmnan flesli ; W^ it sc^^n^ i^Vii 
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ftnd floar, and oatmeal, and things of that kind, i 
nlo muscle, and that we should be able to get food out 
substances. If that surprises you, you will cease to be 
I tell you that tJierc arc the same principles of 
plants that exist m animals. In animals we find, for 
, a constituent of food called "albumen." You know 
lite of egg is; it is that sticky substance which suitounds 
of the egg, which becomes white and hard when the egg 
Albumen is also present in meat to a considerable 
id it is present in the blood. In every thousand parts 
there are seventy parts of albumen, and this albumen is 
converted into the ilesh of which our bodies are made; 
now this albumen is also present in vegetables, as wheat and oats. 
Then again in meat you have another principle, called fibrinc. 
Vou can produce this fibrine for yourselves. If you take blood 
and beat it with a switch, you will find a number of gluey particles 
Clicking to the switch; these gluey particles are made up of 
fibrine. You may have noticed that when blood is allowed to 
Etand it gets solid after a time, or clotty. Its coagulating is 
due to the presence of this fibrine. Fibriiie is also present in 
vegetables. 

Another principle of food is gluten, which is very like the 
Abrine contained in flesh. If you take a little flour and wash it 
in a bag you will have a sticky mass remaining — that sticky mass 
is composed of gluten. Gluten exists abundantly in vegetables — 
casine is another of tliese nitrogenous substances. You have seen 
it in curd, the coagulable part of milk — it is an important ingredient 
of cheese — this casine also is found in yeas, beans, and nuts. 
Xow you can readily understand that if such principles as these 
catiat in vegetables as well as in animals, it is not surprising tlial our 
bodies should be able to convert them mto flesli. 

Food may be divided into three great elates. In the fust class 
voo have that food which goes chiefly at all events to warm the 
tiody. In the second class you have the food Uiat goes to build 
ttp the tissues of the body. And, thirdly, you ha\-e what may be 
nailed mineral food. Now the food that warms us is principally 
made up of three of tliese elements, hydrogen, carbon, and 
oxygen. For example, in oils, starch, sugar, and ail that kind of 
food, those three elements are present ; food of this kind is the 
most heating. Let me now say a word of the manner in which 
food warms our bodies. We are wurmed very much in the same 
WW as a lighted candle or fire warms a room. 
Prolitssor Rocoe in one of his lectures explained the chemiAtrr 
!(//<■, l^'hat takes place ivhen ^ i;.m4H ^^ V^Xiit 




^hit. la the tallowof the candle you have the two elemeol . 
and hydrogen. When the candle is lighted tlie oxygen of the «B 
unites wiih those two elements, just as I Bhowi^ you iii my 
experiment, but not \rith so much noise, and water is fonned, 
and carbonic acid — in fact the whole candle is completely changed 
into the liquid water, and the gas carbonic add. \Vhen many 
candles are burnt in a room you would perhaps expect that an 
immense quantity of grease would be spread over the walls. No 
such thing, because the grease is completely changed ; after 
burning it is no longer grease, but is turned into the vapour o( 
water, and the gas carbonic acid both difiused through the air. 
Exactly the same thing takes place inside our bodie.s. All throu^ 
the animal frame, in the blood, and the different tissues, there is a 
great quantity of this carbon present, and there is also a great 
(luanlity of hydrogen present, much of which has entered the 
system as fatly food. ^Oxygen is brought into contact with thit 
carbon and that hydrogen through the lungs, being diffused througll 
ihe blood, and whenever oxygen comes into contact with hydrogen 
and carbon, carbonic acid is fonaed and also water, and wherever 
ihat union takes place, a certain amount of heal is given off. The 
htat is gradually given off through all hours of the day and 
night, in consequence of these changes taking place in this 
manner. In this way every day in the bodies of each one of us, 
from 7 to 12 ounces of carbon are burni. If we take but little 
exercise, then only 7 ounces will be bural, but if we work haid 
perhaps as much as 12. Now tlie food which is most rich in this 
carbon and hydrogen is fatty food, such as oil, tallow, suet ; after 
fat^ food the next most healing food is starchy food suchajflour, 
tapioca, sago, and sugar ; they all contain much carli^ and 
hydn^en— they all take an active part in keeping us wam^ NoF 
altliough this fatty and starchy food contains much hydrogen, and 
carbon, together with a certain quantity of oxygen, the element of 
nitrogen is altogether absent; but there is another class of food 
in which nitrogen is present, and the properties of that food seem 
entirely changed by the presence of the nitrogen. I told you that 
in the air where nitrogen is merely raLxed with oxygen, «ot 
chemically combined, the nitrogen seems well nigh inert, like 
water when used to dilute brandy ; when, however, it is present in 
food it entirely alters the character of that food; it is then not 
so much used for heating purposes as for the building up and 
repair of the body. Now remeipber that you have these two 
great classes of food, the " flesh formers" and the " body warmers." 
Do not, however, be led away by divisions of this kind, but be*l 
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ttimd that fatry and sUirchy food, though citify employ«(t^ 
manning us has some share in the forming of our structures, while 
at the same time ihe food containing nitrogen materially assists in 
keeping us warm. These remarks on food will enable you to under- 
stand how it is that in very cold climates people are able to take 
very large quantities of fatty food. Sir John Ross states that an 
Esquimaux will eat daily lolbs of flesh and oil, while a Yakut 
thinks little of a couple of quarts of train oil, and a dozen tallow 
candles. In addition to these two classes of food there is a third 
cisss which may be called mineral food. It may appear strange to 
pnany of you, but it is nevertheless true, that minerals such as 
iron, lime, soda, potash, sulphur, and many others actually enter 
into the formation of our bodies. Chemistry enables us to 
separate these minerals from the tis-sues with which they are 
united. 1 have been told that on one occasion a Frenchman, 
deeply aft'ecied by the loss of a relative, ordered the remains to be 
burnt, and after separating Ihe iron from the rest of the ashes, 
ImuI it moxilded into a mourning ring; the ingenious foreigner, not 
content with wearing mourning for his friend, actually made 
mourning out of him. So much with regard to food. 

Let me now say a few words to you in regard to the digestion 
of food. ^Vhat is digestion ? In the process of digestion those 
particles which go to nourish the body, and which are really 
HseTuI to the building up and warming of the tissues, are sepaiated 
from those parts which arc useless, and which are tlirown out of 
the body. For example, different kinds of food, such as starch 
and tapioca, are surrounded by a little envelope or covering, which 
prevents them fi-om being dissolved. Muscular fibre is also thus 
covered. The great object of digestion is to separate those parts 
that can be dissolved from the outer covering which cannot be 
dissolved, and which cannot go to the repair of tissue. I will now 
explain what takes place when food is taken into Ihe mouth. 
Here we have a mouth. [There were numerous drawings of parts 
of the human body on the wall, as well as full length figures.] 
^Vhat is the structure of the mouth ? The mouth is a hollow box 
with a moveable floor formed by the tongue and lower jaw. In 
the mouth are thirty-two teeth, sixteen in each row; the two rows 
»re divided in the middle of the mouth into two equal sets of 
teeth, two incisors or cutting teeth in front ; then the eye tooth. 
next those with two points called bicuspids, and farther back three 
Urge teeth, the grinders. The moment food enters the mouth it 
is moved about by the tongue, while the teelh are employed in 
ennhinf; and grinding it into very small pieces. Tlus ■^x«lK«;^ S^ 




called chewing or masiicatiuD. ^Vhile this chewing ^. .^ _^ 
the food is moistened by the saliva, which is chieAy poured out bfi 
ibiee httle glands. One of ihnst glands is sitU3ti:d under the car, 
the other two uader the tongue. These glands look somcthtu 
like the inside of a walnut when the shell is removed, mid if 
minutely examine their structure you will find it bears a CCtUU 
resemblance to a bunch of grajius ; but instead of the AiHk wl ' ' 
Buppcrts the grape-like protuberana;s being sohd, as in the vUst, 
it IS a hollow tube. The little vesicles of the gland are alsD 
hoUow. It is from the interior of these glands that the v/Ataj 
secretion called the saliva is poured out. You know that aoitie- 
times these glands are busily at work even before you actually 
taste food. This occurs when the mouth "waters." You bare 
all felt this sensation, when, perhaps, a savoury dish lias passed ym 
in the street, or you have looked with longing eyes through die 
windows of a pastry-cook's shop. 

Now the saliva is not simply poured out, but is actually fonoed 
and prepared by these glands. How is this done ? Why the extn- 
milies of the glands are fitted with a countless number of " liulc 
cells," like very "minute bladders," These ceils derive their 
Dourisbment from the blood, and are formed rapidly, as soap suds 
are formed when you blow into soap and water — as each I^lft 
cell reaches its full size it bursts and pours out its contents— aoij 
the fluid which is poured out is the saliva. This goes on cqh' 
tinually, these glands pouring out in the course of a singti: day v 
much ab three or four pmts of saliva. Tills saliva is mixed ^dft 
the food. It does not mix with it merely fur the sake of softemnE 
down the food, but it induces iti it a particular cliaage, especial^ 
in the starch of the food. Bread contains, as I have said, a. la — 

quantity of starcli. After you have turned the bread over ia 

mouth a few times, it seems to acquire a different taste, and 
becomes sweeter : the reason being tliat part of the starch in t^ 
bread is changed into sugar by die action of the sahva, and IB 
consequence of that change the starch is rendered soluble. SugV 
i£ soluble ; starch is not Starch is contamed in little cnveh^cfc 
sugar is not Consequently by the bread being turned over in the 
inouth it is rendered soluble, and can be taken up into the tissues 
of the body. This should impress upon you the importance of 
ihorBughly cheiving your food. If people bolt their food, this 
chemical change cannot take place, and consequently tlie starcbj' 
portions of the food do not nourish to die same extent 

Let me next explain to you the manner in which food !b 
#»a/foired. I told you lliPt the first process which the fo^j 



19 ill Ihe uimitli is ilial of clicwiiig; then comes tiie 
change which converts the starch into sugar ; it is then 
fed. What takes place in swallowing ? Every one knows 
readily discover for himself, thai in swallowing the tongue 
ied up to the roof of the mouth, A sort of hollow curve is 
[fbrmed in the tongue, the food is placed there, and pressed 
the hard palate, at ihe end of which there is a sort of 
of flesh, called the soft palate. If you look into your 
you will see the prolongation or projecting point of this 
ate which is called the uvula. The moment the food gets 
' back of the mouth, the soft palate is pushed upwaids, so as 
■; off the cavity into the nose. If the soft palate is destroyed, 
in some cases, then a part of the food comes back through 
The tongue then closes the aperture which passes down 
lungs — by covering it with a trap-door called the epiglottis — 
'lie food is grasped by the muscles which surround the gullet 
tew, and is carried down into the stomach. The first pan 
lowing is voluntary ; that is, you have up to a certain point 
it; but you cannot stop4t after the food reaches a 
point, as j-ou may have noticed when you have uninten 
swaliowetl a plum stone. When the food leaves the 
the muscles of the gullet press upon it from above down- 
Mrds, something in the same way as you would nm a ring along 
S tube. [Dr. Morgan then showed drawings of the stomach and 
gtands of the mouth.] After passing down the gullet the /««/ 
Ksches the stomach. Now wliat is (he structure of the stomach ? 
It is a muscular bag surrounded by a sort of strong fibrous tissue, 
like a covering of brown holland pasted round an india-rubber 
bag. Inside you have a number of ribbons of flesh or muscle. I 
muM remind you that one of the properties of muscle la its power 
of contracting ; when muscles contract their fibres grow shorter, 
and the parts they surround narrower. Now the moment the food 
enters the stomach the muscles of the stomach begin to ctjntract. 
■md the whole organ takes on a sort of churning motion, first from 
left to right, and then from right to left. Were you to view 
casually the stomach of a man, or a pig's stomach, which is singu- 
larljr like a man's (not a very flattering fact), you could form but 
a faint ide.t of its wonderful mechanism. If, however, you arc 
ikiUiil in the nse of the microscope, and cx.imine the inner coat 
with a high magnifying glass, you will find it covered by a number 
of little depressions — portions of the lining of the stomach which 
sbdc lower than the remaining parts — opening \wo cmJci ci( \V«aft. 
moot you will Snd numerous liixU i.w\)es. Ttvt -smssas* ' 



food enters the stomach these hilie lubes give out, afibr pie|MiriDg 
it from the blood, a very peculiar juice, called llie gastric juice or. 
juice of the stomach. Now this gastric juicu exercises a paiticulM 
influence upon certain ingredients of the food, and tlie part ok 
wliich it chiefly acts is the flesh-rorming portion — that in which I 
have told jou the element nitrogen is i«-esent. Tlie gasirii; juiaj 
contains a ferment, called pepsine, something of the nature «( 
yeast — an acid is also present in the juice, probably muriatic aptl,. 
or spirit of salt When meat and sundi-y other articles of food are 
taken, the gastric juice dissolves out ihe flesh which is nocke^l 
away in little sheathes or envelopes, ajid it is then softenea doti'iv 
into a soluble pulp. A great part of this soluble pulp enters ihc 
\essclB of the stomach and is directly conveyed to the blond. 
Let me now try to explain the way in wbch this takes place. It 
jou look at the syllabus of the lecture you will see two long words, 
"cndosmosis" and ''exosraosis." To your minds those wnrds 
may not convey any very clear or definite idea, I will endeavotii 
to make them plain to you. Suppose you put some water into a 
bladder, and then dip that bladder into another fluid, say salt 
water, you will find that the water in the bladder passes out to 
the salt water outside. The reason is, that the water outside is of 
greater density or weight than the water inside. The some ibiojt 
takes place in the nourishing of the body. Vou have fluids of ont 
density outside the lubes and fluids of another density inside tlifr 
tubes ; and, as a consequence of that difference, in density thttt is- 
a constant interchange of the fluids, which are merely separated 
by the coats of the vessel. If yon will bear this in mind it will 
assist you very much to understand the manner in which parts of 
the body are nourisiied. Endosmosis is the passing of a. lighter 
fluid to the hea\'ier, and exosmosis is the passing of a heavier fluid 
to Ihe lighter. 

There are, as I have said, certain parts of food that do not 
nourish the body, and therefore they are cast out us waste. TIkm 
are parts also on wJiicli the gastric juice exercises no power, auti 
therefore they also are passed on, in oiiier that they may be acted 
upon by otiier organs which are situated lower down in Ac 
alimentary canal. You will remember that I told you thai a 
portion of the starchy food is acted upon by the saliva of ftif- 
mouth, while the nitrogenous food is changed in the stomaclh 
After remaining in the stomach some three or four hours tbmt 
portions of it which are not absorbed are passed into the bowels 
through the opeHing called (he pylorus. The bowels, or coiv 
ttBtiMthn ol t/ie stomach, coRs'isVa q{ s.\tii\^^\\>e,wet9^m^4biwH 



i-'liines ttie length of a man, or some twenty to twenty-five feft 
m Icuglh. This tube is coiled away in the caxhy called the 
abdomen. Yoii have all seen sausages ; well, the covering of tl>e 
sausage is made of the giit or bowel of the pig. So in roan there 
ilone continuous tube passing through the whole of the alimentary 
otnal, and the first part of this tube is called the duodenum. Let 
me tell j'Oii what goes on in this duodenum. Into this part two 
tubes enter, one comes from the liver and brings the bile, 
and another comes from the pancreas. I will sliow you those 
organs. The pancreas is probably better known to you by the 
name sweetbread. Under the liver is the gall bladder. The twr> 
tubes from the pancreas and liver join together and enter this 
part of the gut. When tlie food conies out of the stomach it is 
acid, but in passing along the duodenum it is made alkaline by the 
mixture of bile, which contairis soda, and also by the mixture of 
the pancreatic juice, [Dr. Morgan performed another experiment 
to snow the difference between an alkali and an acid. ^Vhen an 
Bad was added to a blue liquid it made it red, and when an alkali, 
sudi as soda, was added, it turned the liquid to its original colour.] 
At this portion of the alimentary canal another change is effected. 
When ihe food comes out of the stomach the fat is still but 
little changed. Change in the fat commences in the duodenum, 
Tlie fat is there acted upon by the alkaline bile and pancreatic 
[nice. Vou know that m soap alkali is mixed with fat and is thus 
imdeied •soluble Bv an alkali being mingled with the latty food, 
the fu I!) changed mto emulsion and rendered soluble, and so 
made fit to be taken up in the bowels. Thus, in the mouth a 
portion of the starchy food is changed into sugar. In the stomach 
the nitrogenous food is acted upon by the gastric juice, and in die 
fMwels the fat Itself is so changed as to be rendered soluble. But 
besides converting the fat into an emulsion, the bile and pan- 
creatic juice assist in rendering soluble those portions of tlie 
torchy food which were not changed by the saliva. After the 
dJAarent ingredients of the food are in this manner rendered 
■Ctuble, what has not been already taken up is p;issed along the 
imesiinal canal. This is efl'ecled in the following manner : — The 
boweis are surrounded by ribbons of muscles. 'I'hese muscles 
Contnct as the food reaches them almost like a ring; then the 
JUEXt part below this ring contracts after receiving the intestinal 
contents, which have been pressed down from above, and in tliis 
naonCT a sort of constrictctl ring Iraveraes the whole course of the 
tube. As tlie food is thus passed along, everythivig H\iiS, is ^^ \!a 
be lalcen up is absorbed, and the husks ixwX v\\ose v^t*a 'sXvvAv ki* 
jm^Udgaiiv cwned m end cut out of die bw^v> 
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Dr. Morgan described, by the aid of diagrams, highly illuminated, : 
ether parts of the human body, as well as the internal structure of 
the dog. In conclusion, he expressed the difficulty he felt in \ 
making his language sufficiently clear without the use of scientific ; 
terms ; but he hoped he had been plain enough to be understood. 
There was hearty applause at the close of the lecture, and at 
salient points of its progress. 
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Jr the conclusion of my last lecture, my friends, a wish Wi ._ 
[pressed by some of my hearers that I should say something 
bre respecting the teeth, with a view of showing that the teeth 
f different animals are especially adapted for their food; and, at 
e same time, I was infoniied tliat some further remarks on the 
tative amotmt of nutriment contained in vegetable and animal 
I, would be acceptable to you. As these subjects are both 
uit and interesting, I propose to touch upon them briefly, 
L proceed to speak of the chjie and tlie blood, whidi yi 
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. y the syllabus are lo ocLLi^iy our attentil 

1 have here the teeth of certain flesh-eating (carnii-orous) 
as the lion and the hyena ; if you examine these teeth you 
^ee that the grinders are depressed on one side so as to have sharp 
edges, and hence, when the teeth in the lower jaw are brought 
against the upper teeth, the food is cut to pieces and broken up, 
something in Uie way thai a pair of scissors act upon the inaieriaL 
they are intended to cut. This structure of the teeth is best 
adapted for separating the fibres of the meat, and thus fitting it 
for being acted upon by the juice of the stomach. I now show 
you the tooth of an animal which feeds on vegetables (a herbivo- 
rous animal) ; you will admit that it is large, and you can fancy 
that it would require a pretty hard wrench on the part of a dentist 
to extract it; probably a crowbar would be a more suitable 
instrument than a forceps. It is die tooth of an elephant; you 
H'ill observe that it is covered by sort of ridges and furrows, the 
same kind of arrangement that yon sec on a millstone. The com 
or grass is brought between the teedi, and then the lower jaw is 
rubbed against the upper ; you can understand that leeUi of this 
construction are peculiarly well adapted for breaking up the food 
and reducing it into a pulp. In animals of another species, the 
insect eaters (in'ictivorous), the croK-ns of the grinders an 
sharpened into points something like the teeth of a file, as you aoe 
them in these teeth of the ant-eater. The ant-eater feeds upoa 
ants. He quietly spreads out his tongue in the middle of an ant- 
hill, the ants walk about on its surface quite at their ease; at 
length, when the animal thinks the tongue is sufficiently covered 
\vi^ the insects, he draws it in, and crushes them between the file- 
like processes of his teeth. Such, then, are some of the differeiU 
forms of teeth found in different species of animals, and as the 
teeth vary, so likewise do the hinges by which the lower jaws SK 
attached to the bones of the skidl. In llesh-eating animab there 
is a simple transverse hinge, and the jaws merely move up and 
down in their sockets. That is the way in which this jaw of Ihe 
hyena which I hold in my hand does its work. It is, in fact, a 
sort of snapping movement of the jaw. On the other hand, in 
many of the animals which feed on vegetables, the socket and 
the portion of the lower jaw which joins it are both nearly flat, and 
so admit of the side to side movement necessary for chewing tiifl 
kind of food on which they live. We find some sucli arrangetnent 
in the jaws of animals which chew the cud ; here much lateial 
movement is needed. Then, again, in the class of animals v/hicA 
Vfc know as the gnawers flhe rodcnls), the upper portion of the 




jaw moves along a groove running from before! 
a plane. You will have noticed that squirrels, rats, rabbit^^ 
hares, aud odier animals which belong to this class, in lubbling at 
their food sometimes advance and then again draw back their 
lower cutting teeth. Now, the jaw of man differs from that of 
almost all other animals ; but, though it differs from that of each 
claM taken separately, it still parUkes more or less of the 
peculiarities of the several varieties 1 have spoken of. The hinge 
her^ instead of forming a mere tranverse ridge, is fitted on to its 
socket obliquely, slanting from before backwards, enabling us to 
advance one side of our lower jaw while we draw back the other 
hide. In this manner the rotatory movements necessary in 
chen'ing our food are much facilitated. But not only does the 
joint of the jaw in man partake of the varieties observed in many 
other species of animals, but the teeth likewise are, as it were, 
intermediate in structure. Owing to this arrangement of the jaw 
and this fonnation of the teeth, we can, with the most perfect 
readiness, either move our jaws from side to side as the vegetable 
foeders, or with a snapping movement as the flesh-eaters. We 
ran either eat meat or biscuits ; and if we do not possess in oui 
leeih those peculiar little processes which are met with in the teeth 
of the insect-feeders, I have still little doubt that should it e\'ei 
become fashionable to cat insects, we could readily adapt our 
selves to the mastication of this kind of food. 

Thus, then, physiology teaches us that man is intended to eal 
diflerent kinds of food, and what physiology teaches experience 
endorses. Wc can live much better upon a variety of various 
kinds of food than on any one kind. In Ireland, before the 
potato famine, the poor in many parts of the country subsisted 
almost entirely on potatoes and buttermilk. Now, i( a man is to 
live on potatoes he nill require from lolbs. to lalbs. every day ; 
the reason being that potatoes contain so small a proportion of 
the material which goes to build up the tissues of the body, the 
ncsb-fonning ingredients of food. You will see from this table of 
the composition of food, that whilst in loo ozs. of potatoes you 
get twenty-three ozs. of heat-giving food, you get less than two 
ozs. o( flesh-making food. Consequently, when a man is reduced 
lo such a diet, he is compelled to take far more heat-giving food 
than is absolutely required to keep up tliewamitli of his body, and 
he is forced to do this in order to obtain from his food the 
icqaisite amount of the flesh forming principles. On the 
othtf hand, suppose a man were to live on meat alone, such a.i 
iieirf or mutton, then, in every hundred ounces of tnea^ he would 




wfent)' ounces of ficsh-mi v-j««^^ 

crteeo of heat-gi\-ing food. To support life, therefore, on meat 
me be would require to lake about six pounds of meat every 
, . y, because he could not obtain from a smaller qoantitj* tli( 
requisite amount of heat-giving ingredients. This, thereftuf] 
would be both a wasteful and expensive diet. 

But there arc other reasons opposed to such a diet ; I told yon 
in my last lecture that the labour of digestion is distributed ovtt 
several portions of the alimentary- canal. The digestion of die 
Blarchy food being conducted in the mouth and bowels, and ihai 
of the raeal in the stomach. Now, if you live on any single article 
of diet, you are apt to overtasJc the digestive powers of particular 
organs. Hence, by living on potatoes you derange the digestive 
powers of the mouth and bowels ; by living on meat those of ihe 
stomach. Moreo\-er, you can readily understand that the pa^ 
l.iking of a large quantity of some one kind of food, when it would 
be possible for you to support life as well or better on a much 
smaJler quantity of different articles of food, has a great tendenqr 
to clog and hamper the general artivitj' and energy of the system. 
Thus you could not expect a man to be in good order for nmniDg 
a race who had just been eating some ten or twelve pounds 01 
potatoes, By so doing he would be unnecessarily handicapping 
himself. Now, while as we have seen, a large quantity of potatoes 
and a very considerable quantity of meat are rei]«ired, when taken 
sejjarately to support life, yei if we have recourse to a mixed diel 
we can live, and live, too, in tlioroughly robust health on aboHt sfiis. 
of bread and about ^Ib. of meat ; and this mixed diet is in evfinr 
respect the best adapted for us. I ha\'e enjoyed consideratn 
opportunities of seeing both Irishmen and Highlanders who liwd 
very much upon a vegetable diel, the former on Uieir potatoes, tfee 
latter on their oatmeal ; and although these men while living on 
such a diet often look the verj- picture of health, they are still not 
in condition for any very hard exertion. They are like horses out 
at grass, which look sleek and fat, but are ill adapted for runninR 
in an omnibus or cab. Men fed on this sort of food will wore 
very fairly in a leisurely sort of way, and ihey will walk for 
a considerable time at the rate of about three mites an hour; ifj 
however, you press them, and require them to go at the rate of 
five miles an hour, you will find that tbey haie great difficulties in 
accomplishing the task. 

I,et rae, again, say one word on thai table of food which is hanpng 
up before you. You see there that dried peas are said to cootaai a 
J^^erproportloo of flesh-making ingredients than beef or muttoii. 
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1 have been asked by one of my hearers wliether they are really more 
Bouiishing ! Now I think this is a question which experience wiil 
UBWer far belter than chemistry — and what does experience say ? 
Et very decidedly gives the preference to beef or mutton — not that 
d>emistiy is wrong in its figures. The flesh-making food is no doubt 
present in the peas, but oiir stomachs have less power over it when 
Itored away in the peas than Uiey have over the fibrine and albumen 
contained in the meaL In the language of physiology the flesh- 
forming food of meat is to us more assimilable than that of dry 
peas. \Vhat I have told you is entirely borne out by the experience 
of railway contractors and others, who require hard work to be 
done in the shortest time. They vrill tell you that the capacity of 
(heir men for labour is absolutely proportioned to the food they 
est, more especially the meat. Dr. Lyou Playfair speaks of a 
BODtractoi who ordered his workmen to be watched during meal 
time. Those who shirked their food were marked and sent about 
dieir business. If they could not eat, neither could they work. 
This contractor was a shrewd physiologist, but a cruel master. 
Before leaving the subject of food, let me tell you that head work 
Utlces even more out of a man than hand work. Many of you 
irilo work with your hands look upon professional men and others 
who live by their brains as little removed from idlers—" doing 
nothing but sitting and writing." If you think so let me tell you 
^n are mistaken — every thought which issues from the brain uses 
ap A portion of the brain's tissue ; this brain tissue has to be 
re-made by blood, and the blood can only be re-made by good 
nourishing food. 

I*t me now briefly remind you of what I told you in my last 
ledure. 1 lold you that certain elements are everywhere difiiised 
throughout the world. 'I'he chief of these elements are oxygen, 
iw d iq g cp, nitrogen, and carbon. Each one of them has a certain 
mmty or attraction for some one of the other three ; it has n 
ledte in fiict to be united or married to it. \Vhen thus united 
Ihcy are changed, and are then no longer two but one. In this 
Bunner oxygen becomes linked to hydrogen, and the two are 
Ihea water, Nitri^en joins hydrogen, and those tivo become 
unmonia, and carbon attaches itself to oxygen, and they then 
institute carbonic acid. On these three compounds plants live, 
b entering the plants, however, they are changed, the plants 
Ifae power, as it were, of divorcing them from their former 
!s and re-uniting them in new ones. From being mono- 
lus (iHarried to one) iliey become po\yga.mous to"''»'t«'^ ^ 
i^boa, ia Kict, is then wedded \joOi Xo o^^t^"^ ^"^^ ""? 
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hydrogen, aiid the three may be seen in fat on Uic one hand, 
and in starch and sugar on the other. Or, carbon may be united 
to both ovygen, hydrogen, and nitrogen, and then Uiey appear 
in t)ie form of albumen, and fibrine, and caslne, and (gluten— 
in fact, in the class of food called flesh-foiming food. In this 
manner plants prepare our food. After prqiaring it they eiora 
it away in Ihtle package.s, in waterproof coverings, in order that it 
may not be washed away. These coverings or enveloi>es are well 
seen in those magnified drawings of the little starch cells tvhich I 
here show you. Plants intend many of these little packages to 
sen'e as food for their buds and seeife— their future young. We, 
however, make use of it as oui food, and thus rob the little oats. 
In the process of digestion tliis food is broken down and dissolved, 
so that it is enabled to pass through the coats of the little vessels 
which distribute it to all parts of our bodies. Some portions of it 
are so changed in tlie mouth, others in the stomacli, and othcis 
again along the course of the rest of die digestive canal. All these 
changes, you will remember, I fully explained to you in my last 
lecture, 

[With a \icw of impressing upon Ins hearers the chemical 
changes the food undergoes in the process of digestion, I)r, 
Morgan performed the following experiments : — He placed some 
crumbs of bread and a little water into a flask, and then tested foi 
starch by adding iodine. The well-kno«*n purple colour showing 
the presence of starch was very apparent Some more bread 
crumbs were then tested for sugar, by the addition of sulphate ot 
copper and a solution of liquor potass^. The flask was boiled 
for some time, but there was no trace of sugar. The same tests 
for sugar were then applied after the bread had been subjected to 
the action of the saliva, and on again testing, the orange tint indi- 
cative of the presence of sugar was plainly visible. Dr. Morgan 
next showed two more flasks. Into one of these flasks minced 
meat and water had been placed. The meat was shown to be 
unchanged, although the water had been added to it several hours 
before. In anotlier flask waler acidified by muriatic acid had 
been poured upon some small pieces of meat. The gastric juice 
of the pig, in the form of pepsine, was afterwards added, and the 
mixture kept at a temperature of about loo deg., and occasionally 
shaken. Alter standing for three or four hours, the meat was 
dissolved into a soluble looking pulp. Another flask contained 
some cod liver oil, which had all the appearance of an emulsion, 
aiterit was shaken up with some bSe ani -^ancTeatic juice. By 
"■ ~ Te simple experiments the action ol \ive sa\xva. tyci " — ^^iJli|^"~ 



pancreatic juice on meal, and of the bile aiid pancreatic juice on 
&t were familiarly illustrated.] 

In my last lecture I followed the food in its passage from the 
mouth to the bowels ; let us now see what are the changes it 
undergoes in this latter part of the digesting canal. [At this part 
of the lecture numerous diagrams suspended on the walls were 
referred to.] The bowels commence at the pyloms or gate of the 
stomach. The first ten or twelve inches of the tube which com- 
poses them is called the duodenum. Two ducts coming from the 
liver and pancreas, after uniting, enter the duodenum, and dis- 
charge into it the Wle and pancreatic juice. You will observe 
lliat the tube of the duodenum is in several parts partially 
obstructed by little flaps of its lining membrane, which project 
across it ; they constitute the transverse processes of the duodenum. 
They serve a useful purpose in preventing the food from being 
earned too rapidly through the bowels : while it is passed slowly 
along, time is allowed for its nutritive particles to be absorbed or 
sucked up, and then conveyed into the current of the blood. 
\Vhen food reaches the bowels it is called chyle, or digested food. 
Let me now exptu'n to you how tliis chyle is taken up and 
converted into blood. Look at this diagram — it is a magnified 
drawing of a small portion of the lining membrane of the intestine. 
Thus viewed by the naked eye, it has a velvety appearance ; it is 
covered with little hair-like projections, like the pile of velveL 
Kxamine one of them separately— they are not more than about 
Ihc 35 of an inch in length ; under the microscope thej- have a 
sort of sugar-loaf or conical form. Each of these pile-like litde 
structures is called a villus. They are coated externally by a layer 
of very minute cells (little bladders). Inside this coating of cells 
comes a singularly-fine network of bloodvessels — a sort of lining 
oF French cambric (if you substitute hollow bloodvessels for solid 
threads) ; within this lining you have the central rootlet of the 
villus. The digested food is sucked up by that canal, and carried 
into a tube which communicates with it. This tube is called a 
lacteal, or milk-like vessel. Such, then, is the structure of these 
villi. You will be able to form some idea of their size when I 
tell you ihat a fourpenny bit would cover about goo of them. 
Let me direct you once more to ray diagrams. You have seen 
a. number of lacteal vessels tunning from the villi, and carrying 
the food they have absorbed. In the diagram they look like 
white worsted threads, but remember they are not threads but 
tubes. As they pass along you will observe \wt.hftvctQVH?a«s!«isi 
knott}- appearances, — what are tliese k'noli"^ '\\\c^^ V&c^a «■ 



i3fi 

kCTDcl-lilce projections are kuown as the meseateric glaods. The 
lacteals discharge the food they convey mto these glands, and 
while detained in them a portion of it is changed. In undergoing 
this change it is passed through a great number of htUe passages— 
these passages are hned with small cells or bags, abnost like 
little white raspberries — but so small that were a raspberry hollow 
it would contain more of these cells than there are people in the 
world. As the chyle or digested food is passed through the glands 
it is brought into contact with these little cells. A considerate 
portion of it is then changed into minute bodies like them, and is 
then permitted to proceed on its journey to the blood. Hence, 
when the chyle is examined as it comes out of one of these 
mesenteric glands, it is found to be loaded with these little rasp- 
berry-like bodies. They are called the white coqjuscles (cor- 
puscles means a little body), Now the change the chyle undeigoes 
in the mesenteric glands may be compared to a process for making 
ship biscuits which is to be seen at Portsmouth. Flour and water 
enter the machine on one side, and stamped biscuits come out at 
the other side. So chyle, which is in fact a Hquid holding food in 
solution, flows into the mesenteric glands, and stamped corpuscles 
come out at tlieir lutther side. 

Remember, however, that the whole of tlie flour and water are 
converted into biscuits, whereas only a portion of the chyle is 
changed into corpuscles. On leaving the mesenteric glands, the 
chyle and its corpuscles continue their journey towards the blood, 
and after travelling a certain distance enter a little bag, a sort of 
Blorehouse of the chyle, into which all the lacteals discharge thdr 
contents. It is called t]ie receptacle of the chyle. It is situated 
Dear the lower portion of the back bone. It has a tube attached 
to its upper part, into which it discharges the supplies of chyle 
which it receives from the lacteals. This tube passes up along the 
side of the back bone, and terminates at the left side of the root 
of the neck. There, at a spot where two large veins meet, the 
neck vein and the under-the-coUar-bone vein of the left side, the 
chyle joins the blood. At the spot at which it joins, a Utile trap 
door or valve may be seen, which permits tlie chyle to flow into 
the blood vessel ; but should it attempt to retrace its steps tMs 
little door would forcibly prevent it You will now understand the 
vast importance of partaking of good nourishing food, for here WC 
have the food directly entering the blood, and blood you know has 
been well called " the river of life." 

So much, then, in regard to the chyle. 1 will now speak to yoB 
WruC the blood. I have in this jai some cw.'s 'bXwA Xw. will 
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observe that it is made up of two parts, a solid jelly-like mass, and 
a watery looking fluid. Let me explain this. If you allow blood 
to flow firom the veins of an animal, or from one of your own veins, 
into a basin, and leave it to stand for a short time in a room of 
moderate temperature, yoU wU find that it will separate into two 
parts — one part, a sticky jelly-like mass, settles to the bottom, and 
Ihe other part, a straw-coloured fluid called the serum, occupies 
the rest of the vessel. Let me first speak of the jelly-like mass, 
which ill books of ph)'siology you will find termed the "clot." 
This clot, you will observe, is a bright scarlet colour — ^what gives 
it this colour? The microscope will teach us. Place the very 
smallest trace of blood on a glass slide under the microscope, and 
you wil! find that the liquid which appeared to the naked eye 
perfectly red, as though some dye were diffused through every 
portion of it, is in re^ily not red at al! — the liquid part of the 
blood being nearly as white as water. To what then is the colour 
due, because it certainly looks red. It is due to a countless 

K umber of little red bodies, wonderfully minute like sacs or 
ladders, which float about in the blood and make the whole 
Appear an evenly coloured fluid. If you pour water into a large 

B^lass jar and then fill it witli red currants, you ivill find tliat at a 
itlle distance the jar seems to contain some red liquid. The 
blood in the same manner acquires its colour fi-om the little red 
IkhUcs which it contains. They differ, however, in no small 
degree from red currants. They differ in size, and they differ 

Kkewise in shape. In size they are so very minute, that if you 
ad fingers delicate enough to handle them, you would be able to 
pack away some 50,000 of them, about as many as we have 
people in Chorlton, on the head of a pin. In such a drop as 
vould adhere to the point of a needle, if you dipped it into 
t)!ood, you would be able to count (it would be a tedious job) 
ibout 3,000,000, the population of London ; and in as much blood 
as would fill a walnut shell there would be packed away about 
Eighty times as many of these little bodies as there are men, women, 
md children, in the whole world. Now these little bodies, the red 
^Tpuscles, as they are called, give blood the appearance of being 
I red liquid. 

I hoped this evening to have been able to show you the circula- 
ion of the blood in the web of a hog's foot. It is a most s' '' ' 
atd beautiful sight to see blood corpuscles hurrying along 1 
nany little ants, fulfilling the work which m,ay be assigned 
D the body. This sight I had hoped to show you on the 
iVe beve not, however, as yet, succeeded in icnAwtv^ANviMw 




I trust ihat in one of my future iectures we may be able to accotn- 
plish it, But, though I have not been able to show you the circulation 
ID a living animal, I still have here on this slide of the lantern a 
small drop of blood. In it you will observe a great multitude of 
tliese little red corpuscles highly magnified. In shape they have 
soDiething of the appearance of quoits, or rather what quoits would 
look like were their central apertures filled up. Many of you must 
have seen India-rubber air cushions, whidi, when inflated with air, 
very much resemble the little bodies you see on the screen- 
cushions depressed in the centre, but bulging out around ihrir 
outer border. It is somewhat curious that these flat sides of 
the corpuscles have a natural tendency lo adhere tg one another. 
Hence it happens that if a drop of blood be placed on a glass 
slide, and examined afler a short time, many of the bttle corpuscles 
will be found to be lying in rows piled together like so many 
sovereigns. The width of the corpuscles is about four limes 
greater than their thickness. Hence, while about 3,500 corpuscles 
lying flat on their sides in one continuous line would measure an 
inch, it would require no less than 14,000 if they were set up on 
their edges. Let me now say a few words respecting the manner 
in which these red corpuscles are believed to be formed. Vou 
remember that I told you that the white corpuscles are fonned 
in the mesenteric glands, and are then gradually passed on into the 
blood. If one of these corpuscles be carefully examined, it will 
appear to contain within itself another still smaller body — a sort of 
little kernel. In some of the corpuscles this little kerne! will seein 
to us of a reddish tiuge. From this cause the chyle, even befiffe 
it reaches the blood, has at times a pinkish colour. On reaching 
the blood the white corpuscles throw off their outer covering, 
which seems to melt away in that liquid, and the little red central 
body is turned adrift by itself. Thus, then, the white corpuscle 
is, as it were, the parent of tlie red. It encloses and protects it 
for a time ; and having once conveyed it to the great river of life 
it launches it out on the world. 

These red corpuscles vary much in shape and si^e in diifcrcnl 
animals. In fish and reptiles they are oval or egg-shaped. In 
most of the animals which suckle their young ihey are mdier 
smaller than in man — in the musk deer very much smaller. As 
viewed by the microscope there is no appreciable difference in 
the blood of white men, black men, and monkeys. 

An acqumntance with tlie form of the blood corpuscles in 
different classes of animals may prove o? ^cat importance _ in 
cn'minal cases. Suppose a raurdev \\as \3eei\ c.o-mm\w.e&.. "5*^^ 
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ing Wood are obsen'ed on a knife belonging to the sus- 
murderer. He accounts for these stains by assertiog that 

lately killed a hen or dtick- The truth of his statement 

^ readily tested. The suspected blood is moistened with a little 
white of egg, or other liquid of the same densi^ as tlic blood. 
To this liquid the corpuscles, if present in the stain, will in all 
probability adhere, and the microscope would readily determine 
whelh'.T or not they belonged to the blood of such an animal as a 
hen. For, remember, in humai\ blood the corpuscles arc round, 
in hens they are oval. 

A woman once came to an hospital, and stated that she had 
lately burst a blood-vessel, and was bleeding to death. With a 
\icvf of corroborating her statement she exhibited a handkerchief 
saturated with blood. The doctor, before admitting her, examined 
Ihc blood imder the microscope, and found it not human but hen's 
blood. VVhen charged with imposture, she admitted that, being 
anxious to be received into the wards of the hospital, she had killed 
a hen and soaked her handkerchief in the blood. 

In every too parts of blood about 12 parts arc composed of 
these corpuscles. They convey to different parts of the system 
(be mnterials required for the repair of the tissues, more especially 
ihe higher organized tissues, as the nervous and muscukr. They 
may be compared to a countless fleet of litde boats, which arc 
constantly floating along the great river of blood in our bodies. 
As boats convey their cargo to the place wliere it is needed, so 
these little blood corpusdes convey their contents to the tissues 
and organs which require them. They differ, however, from boats 
ia that vessels after discharging their freight take in a fresh cargo, 
and thus ply from place to place ; whereas these little blood cor- 
pnacle boats themselves perish so soon as their work is accom- 
pKshed. Like man they fulfil their appointed mission, and then 
pass away. It has been calculated that every second full 20,000,000 
©f these little workmen perish^every iliought which issues from 
<Ktr briun, every movement of our fingers alike assists in destroying 
Aem- So much then in regard to the red corpuscles which are 
praent in the clot. So long as the blood is contained in its living 
vessels they are equally distributed diroughout its whole mass, but 
TO soon as it ia allowed to escape from these vessels they are then 
faund to be mbced up ivith the clot — the solid part into which the 
blood separates after standing, and they join the clot because they 
are somewhat heavier than the serum or liquid part. Now the 
.bIm io nrtt composed of corpuscles alone, biiV co\\wWs\^f«'afc <S- 

'nstitiient of the blood. This coi^5\.\WLfi\X \?. caS^J 
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the fibrine. ll is oiving lo the presence of fibme ihat the 1)1. __ 
coagulates. The quamily of Sbrine contained in the blood is 
cornparatively small, not more than about two para in eveiy 
thousand, but it serves an important purpose. It may be looked 
upon as nature's glue, — whenever we fracture a bone or meet with 
any injury, even so comparatively trifling an accident as a cut 
finger, fibrine is poured out to unite and bring together the parts. 
It also enters into the composition of various tissues of the body 
as gristle and tendons, the cord-like bonds which unite the flesh 
to the bones. Now there is one fact connected with fibrine which 
I would desire to impress upon your minds — alcoholic stimulanU 
act upon it most injuriously. They seem to lessen its power of 
coagulating — they, as it were, dilute the glue. I have frequently 
noticed that men in the employment of brewers and distillers, who 
have often free access to stimulants, are bad subjects for accident 
even though in themselves trifling. Many of these men, though 
apparently in robust health, sink under an injury, which, 'had they 
been temperate, they might readily have recovered from, a mere 
scratch in some instances setting up erysipelas, and proving fatal. 
This is chiefly owing to the deterioration of their fibrine. 

You will observe, that besides the clot we have in this ves£d a 
watery straw-coloured looking liquid. This liquid is, as I siud, 
called the serum — a number of different substances are dissolved 
in it. 1 will boil a little of the serum in this flask — you obs^ve 
that it seems to turn white and thick. This change is owing to the 
presence of albumen, the same substance that you are all (aniiliaf 
with in white of eg^. Before you boil an egg the white is cleai 
and sticky ; after it is boiled it becomes opaque and solid. Tbe 
reason it becomes white is because it is composed of albumen, and 
it is a property of albumen to turn white and hard when healed to 
a temperature of 1 70°. Now, as the serum also contains albumen, 
it is natural that it should undergo the same change here that it 
does in the egg. 

But what purpose does albumen serve when present in the blood. 
It must serve some useful purpose or it would not be there; and it 
is found there in very considerable quantities, 70 out of every 1,000 
parts of blood consisting of albumen. There is some uncertainty 
respecting the exact purpose to which it is applied ? But it seems 
most probable that it is a sort of liquid store of nutritive materia) 
out of which the red corpuscles are able to draw their supphes — and 
imber that they not only absorb this material through their 
bii^ in absorbing it, absolutely change it, and thus adapt it 
higher purposes of nutrition. "Betoe Xea-rwi?, \.V, »jl:i\ect of 
/ will give you a practical "hint on A\e widwa^ <A 
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you wish lo boil your meat, immerse tl at onc^^^SEI^ 
*-aler, and aftenv-ards allow it to simmer on a gentle fire ; but if yoii 
propose to roasl it, do not at first suspend it at a distance from the 
fire and afterwards bring it nearer, but place it at once near a ver^' 
hot fire, and then you may after a. time remove it further off You 
will understaud the reason for this advice when I tell you that ihe 
meat contains much albumen, and that the hot fire and the 
boiling water alike act upon it, coagulating it and making it hard. 
]q this manner it forms a sort of coating round the meat, which 
assists in retaining the juices, on which its flavour depends. On 
the other hand, if you wish to make soup out of meat, then 
during the early part of the process you should never allow the 
water to reach a higher temperature than about 150 degrees. 

In addition to Uie albumen the serum contains a considerable 
proportion of fat, this fat being thoroughly incorporated with the 
liquid very much as though it were soap. When the blood con- 
taios more fat than is required for keeping up the warmth of the 
body it is stored away in packages in sundry parts of the bod)-, 
especially about the loins. The hybemating animals, which sleep 
during the winter months, lay up considerable quantities of fat 
during the summer, and burn it away in maintaining the heat of 
their bodies during the winter. 

There is one practical remark which I would like to make 
before I close ray lecture. There may be some among my hearers 
who are accustomed to spend a good deal of money in patent 
medicines, which you are assured in the advertisements will purify 
your blood and increase your chances of long life. As the 
pn>raises held out to you are very tempting, you purchase life 
pills, and elixirs of hfe, and sundry other panaceas, and you con- 
fidently believe that they will go directly to the blood, and 
after purifying it produce in it some salutorj- and life-extending 
change. It is fortunate for you, my friends, that yom' digestive 
Olgans are much wiser than yourselves in Uie things they select for 
ihc nourishing of your bodies. Hence the greater portion of the 
jjOsIrutns you purchase do comparatively htlle harm, except in so 
Cir ai they rob you of your money. Do not imagine for a moment 
that the persons who sell you these purifiers of the blood place 
aajr great confidence in the virtues of their drugs. They do not 
partake laigely of them themselves, but they convert the money 
they receive fro.n you into beef-steaks and mutton chops, and 

Snfy their own bltod on them. You cannot do better than 
low their eKamplf. Simple, wholesome food, and temperat^ 
babils, conduce mor<: e:T;ctually to good health and long life f-jj^ 
an lilt? gunck medicines which were ever mvew^cA, 
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LECTURE III. 
THE BLOOD (CONCLUDED) AND THE CIRCULATION. 

Urief recapitulaiiou of Last Lecture. Mineral substances containal 

in the blood— Gases in the blood— Quantity of blood in the human 
body— Difficulty of estimating the quantity of blood. Transtiision.— 
How is tbc blood distributed to the tissues ? The blood vessels— ihe 
arteries. — Strtictuie of the arteries— the capillaries. — The veins— Tte 
veins terminate at the lieart. — The heart divided into four chambers— 
The valves of the heart-- Course of the circulation through thehcMi— 
Sounds of the heart — Heart's beat-— Arterial blood changed into 
venous in the ciipillaries. — Restless activity displayed by the blood.— 
Noiseless manner in which the heart works. 



Before I proceed with the present lecture, allow nic lo remind 
you in a few words of what I told you in my last. You will 
remember that I spoke to you of the chyle, and likeivise of the 
blood. I told you that the chyle was food which hM passed throng 
certain changes in the mouth, in the stomach, and in the duodeQum, 
whereby it is rendered soluble, reduced in fact into a liquid pulp — 
and so in a fit state to be absorbed by certain little rootlets 
distributed along the couree of the bowels. These little Tootiets 
are known as the "villi." I told yon that if you examined closely 
file lining of the intestine, you mil observe that it presents a 
irety appearance— that it seems in fact covered with a sort at 
"'—-the little hairs which resemble a pile, when viewed under tbc 
foscope, are found to consist of conical or sugar-loaf shi^ied 
SJections, You will find that they contain within them a very 
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It is into this little root that the chyle passes, 
;e(f In by the action of cndosmosis, I told you that the 
of ihe villi communicate with a set of i-essels called the lacleals, so 
tilled because when distended w ith chyle they look as though they 
contained milk, -yong the course of these lacteals are numerous 
knotty kernels, termed the mesenteric glands. On entering these 
glands the chyle is merely food in a liquid form, but on leaving 
ihcm it is found to have undergone an important change. It then 
contains a vast mmtber of very minute bodies, which I told you 
took uiidei ihe microscope not unlike little white raspberries. 
These are I'ne white corpuscles of the chyle. On leaving the 
mesenteric glands the chyle and its corpuscles are conveyed to a 
little bag (the receptacle of the chyle) and discharged into it. At 
ihis recqjtacle the different lacteals terminate— a tube passes from 
Its upper border in a direct line to the root of the neck, and there 
joins the great vein which runs tmder the collar bone on the left 
(tide. At Ihi.'i spot the chyle is emptied into the current of the 
blood. After making some remarks on the ch3'le, I proceeded to 
sjieak of the blood. I told you that if you allowed blood to flow 
into a vessel and left it to settle, it would divide into two parts, 
une a jelly-like mass, known as flie " clot," the other a watery fluid, 
called the "senim." I first spoke of the clot and told you that 
it thus coagulates because the blood contains within itself a certain 
constituent termed fibrine — a substance, which in living blood 
VCSfiels is perfectly liquid, but i\ hen separated from them gradually 
thickens and becomes a clot. The fibrine 1 spoke of as nature's 
glue" is always ready to unite the tivo surfaces of a wounil, 
whetlier liiat woimd be it fracHtre or a simple cut I told you thai 
the clot was red, because in to;iguIating it entangles within its 
meshes certain very minute red bodies — so small that no fewer ihaii 
50,000 of them could be packed on the head of a pin. I told you 
ihal llie.sc litUc red bodies are the corpuscles of the blood. Taken 
singly lliey .ire altogether invisible to the naked eye— but when 
VJcwtHl in tlie mass they give to the clot a unifonnly red 
aiipearance. Vou will remember lliat I next drew your attention 
10 ihc fact, that many of these little red corpuscles are formed out 
nf the white cori>uscles whose origin we traced to the mesenleric 
^ands. Theyare the mostimporlantconstitiient of the blood. Thus 
wc foUowe^l the se\cral processes by which food is con\-erted 
Into blooil. tx-rtain parls of it being changcti into white corpuscles. 
whicli contain within iheniselvcs the genns of the ftiture red 
t/arpaac\i!s. I tlien proceeded to speak of the " serum," the flui<l 
i^iwliicfa the clot was seen to float. On boiling a smnll qimnlity 




1 1 showed you that it became wliile, 

that it contained a certain proportion of albumen — -the sul 

you are all familiar with in white of egg. I told you that there ii 
in tlie blood a large quantity of this albumen, whidi may be looked 
ujjon as a sort of reserve store of nutriment for the supply of llie 
red corpuscles ; and, finall)-. I spoke of the fatty materials whJcfi, 
in the fonii of a soluble soap, enter largely into the compo^tioii 
of the blood. 

Before proceeding to tJie circulation of the blood, I will now 
make a few observations ou the minerals and gases whidi, iQ 
addition to the constituents I have already enumerated, are, as it 
were, stowed away in the blood. Of these mmerals our tissues 
contain a very considerable proportion. This I might prove to 
you by the following experiment ; — Suppose we choose a man of 
the average size — one willing to sacrifice hinnself in the cause of 
science — we proceed to pound him up in a mortar, and then 
analyse the constituents of which he is comiwsed. \Vhat should 
w-e find ? Why we should discover that at least ten per cent of 
these constituents would consist of mineral substances : we should 
get lime, and iron, and sulphur, and flint, and phosphorus, and 
many others. Now if these substances are present in the tissues, 
they must also be present in the blood, because the tissues all 
feed on the blood, and draw their supplies from it But you may 
usk how do they get into the blood ? How, for example, dOes 
such a substance as lime, i\ith wliich we are all famihar as a liaid 
white substance, find its way into the blood, and how does it 
afterwards reappear in die form of bones and of teeth ? Let me. 
endeavour to make tliis clear to you. Though lime gets into the 
blood, still it does not enter it as a solid, nor does it there exist is 
the form most generally known as lime, but it is dissolved througjtj 
the blood. Look at this tumbler which I hold in my hand : yaa 
see nothing in it but a white fluid like water, and yet an e^;shdl 
is dissolved in it. Having added a few drops of muriatic add to 
tliis water before beginning my lecture, I placed an eggshell in H 
which has totally disappeared — it is, in fact, dissolved in Ae 
liquid. The lime is stiU there, but it is not there in the visibly 
tangiL)le form in which we are accustomed to see it. In a similarly 
liquid form lime is diffused throughout the blood ; and wherever U 
is required in its solid form it is given out by the blood to die 
part in need of it. When, for example, it is required in the form 
of a bone or a tooth, the blood lays it down at the exact spot at 
which it is wanted, in the shape of minute little solid particles 
ciJled bone earth. Layers of this bone earth are spread out WtUHO 
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d aronnd the bone. This will enable you to understand the 
inner in which bones grow. Let me give you a familiar iiluslra- 
n of a similar kind of process. You must often have noticed in 
Iking under an arch, long pointed-looking white needles, 
ipended over your head, with the points turned downwards, in 
ipe like icicles. What are these needles ? They are called 
lactites, and are thus formed The arch contains lime in its 
>rtar; water trickles through this lime, dissolves a portion of it, 
d hangs downwards as a drop ; the water is given off to the air 
the form of invisible vapour, and the solid iime is left attached 
the arch. Thus you have a solid bone-like substance formed 
m h'me dissolved in water — just as in our own bodies bones are 
med from the hme dissolved in the blood. You are doubtless 
are that various articles of food contain considerable quantities 
time. If the food of young children is deficient in lime their 
rtes will not grow hard and compact, but will give way and 
iorae distorted. This is what happens in the disease known as 
keta, instances of v. hich we see far too often in our large towns. 
ly do we see them ? Because you parents, in your folly, do not 
d your children on llic food which nature intended them Ici 
re. Nature intended all infanls to be fed on milk j but you 
isider yourselves wiser than nature, and give them a great 
iety of messes— sago and a^^o^v^oot, and tapioca and potatoes, 
Mn this food they cannot get the lime which milk would have 
)p1ied to them in abundance, and the consequence is that when 
y begin to walk you have the painful mortification of seeinfe, 
im gtwv up as cripples — of seeing crooked legs and arms, 
oping shoulders and wry necks, where, had nature been allowi 
I sway, she would have given straight and stalwart forms, 
■e show yon some bones which have been placed for some time 
a jug of water acidified by muriatic acid. You will observe 
X they are so soft that I can tie them in knots, as though they 
K pieces of hempen cord. The reason they are soft is because 
ty have been deprived of their lime. Now remember what "' 
K told you respecting lime is equally applicable to all the othi 
aerals in the body — they are all dissolved through the bloo* 
Sfou may ask me what becomes of diese substances when the] 
■ dissolved. How and where are they packed away? Thisi 
[Uestion which, with the knowledge we possess, it is not easy 
nrtr. Let us observe, however, what takes place when 
wtance like salt is added to water. We find that we can add^ 
ft pven quantity of water a certain proportion of salt, widiou! 
reasing the aclual bulk of the water. We msJ*A '^a -^w.^ 
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augmenting its volume. Perliaps we may explain this disappeat- 
ance of the sah by Bupposing that the ultimate atoms of walec 
consist of very minute particles which are hollow inside, and 
permit the substances wMch are dissolved in the water to pass iuca 
them by a sort of endosmotic action. Before ieaviog the minerals 
of die blood I would make one practical remark. Vuu are awate 
that many of these substances are given as medicines, There 
reason, perhaps, for betie>-iDg that the blood is dehdent ia sot 
one or other of them, either in its iron, or it& lime, or its potashi 
or soda. It is tlie province of those who devote themselves to th£ 
healing art to discover wherein this deficiency consists, and to 
endeavour to remedy it. Thu?, when the diedcs look pale and 
bloodless iron is given. In such a case it is presumed that llw 
lilood is deficient in red corpuscles. Iron is knoftTi to enter intu 
the composition of the red corpuscles. It is therefore iidministered 
as a medicine in order ihat these lltUe bodies may liave an 
additional source from which to draw their supply. In the same 
manner sulphur, phosphorus, magnesia, sodit, and ))otash are aH 
given as medicine. Many of the most famous mineral spdngs 
owe their celebrity to the fact that their waters contain these verf 
I Minerals. Several erf" the German wells, which ai<: at present 
frequented by the sick of all nations, were famous even in the 
time of the Romans, Some of these wells contain iron, othen 
sulphur, and others magnesia, and potash, and soda, dissolved in 
their waters. Many persons, when medicines such as those whicll 
I have enumerated are given to them, think tliat they are taking 
something altogether foreign to tile tissues and organs of which 
their bodies are formed. From what I have said, however, you 
will understand that minerab, and more especially those minttals 
which are found in the blood, may with as much truth be spoken 
of as food, as bread and butter, and meat and potatoes. For if 
}-oi! exclude from your dietary all mineral food you will as certainl; 
die as if you exclude all fleah-forming food. But not only docs 
t'.'.e blood hold mineral substances in solution, but gases likewbs, 
.ire contained within it. How, you may ask, is this possible! 1 
will entieavour to make it clear to you. If you fill a quatt 
measure full of blood, so full, in fact, that it can contain not one 
drop more, then you know that if you were to add any more 
liquid to that vessel it would run over. If, however, you introduce 
into the lower part of the vessel a tube attached to a bladda 
containing one pint of gas, say a mixture of carbonic add, 
. jne' oxygen, and niii-ogen in certain pvopoitions, you wiil Sod u 




tile experiment with care, tliat tiie gas wHr disanpen 
la die blood, it will in fact bedissglved through the bfood, just as 
I told you that salt and sugar are dissolved in water. In soda 
water you have a familiar illustration of the presence of a gas In a 
E^tlid!. ta the making of sodawater more gas (carbonic acid) is 
forced inlo the water than it can contain in the open air (it does 
contain it, however, so long as it is in the bottle, by reason of the 
pressure of the cork), but the moment the cork is allowed to 
escape the gas and the water come gushing out, and then the 
sodawater is said to effervesce or "fizz." If you now allow 
it to stand you will tnd that in a short time the effervescence will 
entirely cease, though there is still gas in the water. In the same 
manner that gas is dissolved through the water you have gases' 
dissolved in the blood, and a very important purpose they serve. 
Now, what are the gases wliich are present in the blood? They 
aic the same that I spolte of as present in the air, but in vetj' 
different proportions. In the air we have about ^ of nitrogen, ^ 
of oxygen, and a comparatively small quantity of carbonic acid^ 
Sn the blood, on llie oiher hand, we find about § of carbonic acid, 
1 of oxygen, and ^a of ritrogen. Thus, in every quart of blood 
Diere is dissolved about une pint of these three gases in the ])ro- 
pQitions I have stated ; carbonic acid, the gas you are familiar 
with in sodawater, is the most abundant of the three; osygen, 
tJie active gas of the atoaosphere, is the next most abundant ; and 
nitrogen, the inert gas of the air, is only present in very small 
quantities. 

Allow me now to say a few words in regard to the quantity 
of blood contained in the body of an ordinary sized man. 
Various attempts have been made to decide this question, but 
it has been found beset with difficulties and is not readily 
fettled. Von are probably aware that in some parts of the 
COOtment murderers are not executed in the same way as in 
tjib country-. Here we hang die worst of our felons — there they 
^pCftpitatc them — cut off their heads. Now it occurred to some 
ietf tlie Bcientitic men of these countries that by weighing a crimibat 
bf^re execution and by afterwards weighing the head and trank, 
duy would, in the loss of weight, ascertain approximately the qwantitj' 
qf blood. Although these investigations were conducted with great 
C^tfi it ivas still found that there were wide variations in the 
jty of blood lost by different persons— some losing upwards 
'~ity pounds, and others not more than six or seven potmds. 
~on these different persons lost each varying quantities oi 
ly be partially explained by the fact fcat aSX. ^wnMAa 
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Me to sustain the loss of far more blood when they are di|, 
their food llian when they are fasting. Thus, if the veins of two 
sheep (one of which is fasting, while the other has lately been 
ftd) are opened at the same time, and if they are allowed to 
bleed to death, it will be found that the fasting sheep will die 
after parting with little more than half the quantity of blood wludi 
will prove fatal to the lately-fed sheep. This might be a usefill 
physiological fact for a general to remember on the morning of 
battle — a good meal before fighting would save the lives of many 
men who would perish from the loss of blood were they wounded 
when fastmg. But although it is impossible to estimate with any 
d^ree of accuracy the exact quantity of blood contained in the 
body of a full-grown man, we shaU not be very wide of the mark 
if we say that on the average it will probably amount to about 
lalbs. There is one more remark I would make respecting the 
blood, It is this — if good healthy blood is so all-important to 
each one of us, would it not be possible, when we suffer from 
sickness, to procure a small portion of the blood of some robust 
person, and to have it injected into our veins. This was a 
favourite idea of the ancients ; — it seemed so simple and natural ! 
It was revived so lately as last yeai as an in&lUble aire for the 
cattle plague. I need not tell you that hke every other so-called 
"cure" it miserably failed, and the reason it always has failed, and 
in cases of sickness always will fail, is because even though blood 
be healthy unhealthy tissues are unable to avail themselves of it. 
It is by reason of this change in the tissues that young blood 
exercises no beneficial influence when it is transfused into oM 
veins. For not only have people at various periods of the world's 
history thought that it would be a desirable practice to cnie 
diseases by means of healthy blood, but they have also thought 
that in the same manner old people might be made young, and 
this surely would be an agreeable achievement for a doctor to 
accomplish — to make some poor old shrivelled lady of eighty 
look and feel once more as she did at twenty. Well, the attempt 
has oft«n been made, but it has failed signally— and it has fatted 
because while there is no appreciable difference between the iJood 
of the old and the young there is the widest positive difference 
in their tissues. 

But, although I have not spoken to you very encouragingly OD 
this subject of " transfusion," as the passing of one person's blood 
into another person's veins has been called, I am still bound to 
admit that there are cases where the practice is likely to be 
teaded by the happiest results, and they are these — when U ii 



EacI recourse to, not with a view of curing sickness, but because 

deatli is approaching with rapid strides from actual loss of blood. 
suppose one of you were to lay open a large artery, and to ex- 
perience a great loss of blood, by the lime the doctor arrived and 
tied the vessel you might have parted mth so much of your blood 
that there would not be enough for the heart to contract upon. 
Under these circumstances, if left to your fate, you would infallibly 
die; but should a friend, out of affection for you, spare you a small 
portion of his blood, then the probability of your recovering would 
be very great. In this manner we can imagine that a considerable 
number of lives might be saved in a battle, if an army of volun- 
teers were willing to share their blood with the brave defenders of 
thdr coimtty who were bleeding to death from their wounds. 

Having said thus much respecting the blood itself, let us next 
consider bow the blood is distributed to the different parts of the 
body- If the different tissues and organs stand in such constant 
need of the blood there must be some special apparatus whereby it 
is distributed to them. Let me explain this apparatus. In the 
upper portion of the trunk there is a pcrtverful forcing pump called 
the heart, from which pipes are distributed to all parts of the body — 
one set of pipes carrying blood from the heart, and another set 
of pipes bringing it back to the heart. In fact, you have in the 
bodiy the same sort of apparatus that you have in a well-fitted 
house. In a well-furnished house you generally find a boiler in 
die kitchen, and from the upper part of this boiler a pipe conveys 
Oic hot water to the upper stories of the house, while a return 
pipe, communicating with the lower part of the boiler, completes 
"' c circulation of the warm water through the building. Let us 

iw see what are the pipes by which the circulation of the wami 
blood through the human house is effected. You sec here 
(pointing to a large coloured diagram of the body) the pipes 
which cany away the blood /rom the heart. These pipes are 
called the "arteries,-" the word artery signifies " air container," 
The ancients, when they examined these vessels after death, found 
them empty, and hence supposed that they contained nothing but 
air. Here you see th-j great artery of the body passing directly 
fh>m the upper part of the heart, and bending backwards till it 
ctunes in contact with the spine, travelling on for some distance 
along the backbone, and then dividing into two great trunks which 
pass down into the legs. Let me now say a word respecting the 
materials which are found in the coats of these arteries. These 
coats are not made throughout of some one substance, as, for 
example, gas pipes are made of lead ■, \)\3.\ "^ve^ ^xt TOa&.'i 'i'^. 



different materials woven together, so that you have in facfs^ 
coats, one of which is elastic, while another is contractile. tJO 
you know tlie difference lielwceii elastic and contractile ? Wtral 
i. substance is elastic it rebounds — it returns with a sort of Sprit^ 
to its original size whenever it is stretched or drawn out Elasddte 
is, you know, a property of India-rubber ; on the other hand, a 
tissue is spoken of as contractile when it presses upon its coitteflt^ 
or draws together its sides without having first been made laigei. 
Thus the one has to be pressed upon or pulled out, and lien 
contracts ; the other contracts without having been pressed npob. 
Both these substances — the elastic and the contractile — are toxmA 
in the coats of the arteries. Besides having these two coats, Oie 
interior of the arteries is smoothly paved with little cells, whwA 
allow the blood to flow as easily over them as though they were 
encaustic paving tiles. 

Let us next consider how these arteries end — tliat is a quesdan 
which must often have occurred to you. It puzzled the c4d 
phyHologists not a little, who did not possess the microscope fyn 
instrument which has done so much for us) to assist them in tbdt 
inquiries. They followed tliese vessels as far as they wwe 
able to see them with the unassisted eye, and then, when thty 
could no longer see them, they concluded that they must han 
twrniuated in small open mouths. By these little raoutliB di^ 
thought that the blood was emptied mto the tissues, whidi diea 
helped themselves to what they might require. Nature, hoverci^ 
does not finish her work in this slovenly sort of way. Let IB 
tiierefore see how these little vessels finally terminate. After be- 
coming invisible to the naked eye they stili pass on for s 
considerable distance as arteries ; they still have the three coats d" 
which I have told you ; and then they empty themselves into a 
very minute networit of the finest muslin, only you ranst remembo' 
that the threads of this nnislin, instead of being solid thread* 
consist of the minutest little tubes. These tubes (the capillarieri 
are spread out in different directions. Sometimes you would thmz 
that the meshes on whidi they are, as it were, formed were I015 
and thin ; at other times they seem to be round. In some 
parts of the body these capillaries actually occupy more space 
than the tissues they rwurish. These little tubes are calted 
capillaries or hair-like vessels, though they are in point of fectas 
much smaller than hairs as hairs are smaller than cables. You 
uiy imagine how numerous they are when I remind you that it K 
Bssible to prick yourself in any part of the body mtboUt 
»7>^ some of these vessels. Ma.riy oC these capillaries are * 



^tfiat 5,000 of them placed side by side would not in their 
ited width measure more than one incli. Others, again, are con- 
erably larger, but on the average ihey ate not more than aljout 
r lAt of an inch in diameter. In what is called the wiiite u! 
: eye you can occasionally see them — not when the tissues of 
: eye are in a healthy state, but when they are inflamed and the 
le capillaries are cratnmed full of red blood. Remember then 
,t at the tcnaination of the arteries — the vessels which cany the 
od from the heart^tliere is n network of these very minute 
nllaries. Now how, you may ask, is it possible, even with a mi- 
scope, to tell where the arteries end and where the capillaries— 
jio? You distinguish between the two sets of vessels, evgj 
ependently of the difference in sise by their coats. The arteri^ 
re, as I have told you, several coats ; the capillaries have onl 
i, tuad this coat is formed of much the same mateiid as tij 
its (^ tlie httle blood corpuscles. I will now show you soia 
Uuse cipillaries on die screen. [Dr. Morgan illustrated tii^^ 
tioa of his lecture with several highly magnified diagram^^f 
Idi were cKhtbited on the slides of a magic lantern fitted with 

oicyhydrogen light, exhibiting; ihese minute structures by 
ir aid more clearly than is po.isible with unaided type.] 
1 will now wish to know what becomes of these Uttle capiljary 
Bcls ? How and where do they end ? They end in anodier set 
ressels called the veins. If you follow the capillaries for a 
saa distance you will find that they end in another set of 
ids — the veins— -and just as the arteries, before they join 

capillaries, grow gradually smaller and smaller, so does 

Other set of vessels, commencing in die capillaries, grow 
tinuiUy larger and larger. These vessels are, as I have told you, 

veins. What are the veins? They are the return pipes that ■ 
ig the blood back to the heart. Like the arteries theydiffwJ 
n tbe c^iliaries in having several coats ; but in ihese coatdfl 
e is comparatively little of that elastic tissue which enters s<^fl 
dy into the coats of the arteries. As the red lines in ihisfl 
pam represent the arteries, so the blue lines stand for the veinSf,! 
I two Bets of vessels are painted a dilfereut colour, because tll^fl 
nI they contain also differs in colour. In tlie arteries it is ^M 
bt Rcarlet, while in tlie veins it is almost black. Many personal 
n tlKy see black blood imagine that it indicates some peculiai^H 
itisJactory state of the system. They are not aware th^H 
MIS blood or the blood of the veins is always black. Let na^H 
' ibHow the veins in their course and see where they terminat^H 
1 wQl obsen'e thai the veins of tbe \cr«ei c^&u^:^^)^^^ \xasi^| 
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upwards, constantly becoming larger by the junction of addiboni 
branches, until at last all the united branches terminate in on 
trunk at the heart The branches proceeding from the arms and 
head in like manner terminate in a. single trunk, which also joini 
the heart Thus all the bltKid which the heart receives from the 
different organs and tissues of the body, with the exception of tllU 
which comes from the Inngs, enters it by two great venous trunks, 
tlie one descending from the head and upper extremities, the other 
passing up from the legs and lower portions of the trunk. Having 
said thus much respecting the pipes which carry the blood from 
and to the heart, let me now speak about the heart itself; and 
let me remind you that though people are always talking about 
their hearts, and attributing all sorts of diseases to this mysteriocs 
organ, it is wonderful how few are able to point out the exa£l 
region in which it is situated. My hospital patients frequently 
come to me and tell me that they have a pain in their hewt, but 
when I ask them to poiut to the spot they place their hands OTcra 
very diffei-ent region ; and even well informed people have an idea 
that the heart is situated more decidedly to the left than it really is, 
Look at that diagram, the heart there occupies its natuai poHtiOD, 
and you will observe that it is as it were hung almost in the centre 
of the breast, certainly a very considerable porrion of the organ is 
actually covered by the breast bone. The lower portion, however, 
does incline towards the left side, where it may be felt to beat 
between the fifth and (he sixth ribs. Havingpointedouttoyouthe 
situation of the lieart, let me next speak of its size. Vou may lian 
a pretty correct idea of the size of your heart by doubling yoOT' 
fist. It may be stated generally, with considerable approximatioil 
to the truth, that a man's heart corresponds pretty closely in site 
with his closed fist; and, as people's fists are usually proportionate 
to their size, so are their hearts. In shape the heart is probably 
as like the cocoa nut as anything else to M-h!ch I can compare it 
If you have been accustomed to get your ideas of its form from the 
gorgeous representations which figure on the valentines, I fearyour 
notions on the subject will not be very correct. But even tiiese 
representations may serve a useful purpose if they remind you of 
one important fact in connection with the heart, and that is, &aX 
it is to all intents and purposes a double organ; down the centre" 
of it, from top to bottom, runs a pardtion wail, which altogether 
separates the right side from the left. In fact the heart may not 
inaptly be compared to a semi-detached house — to two houses wlfll 
ojie common ivall passing round both, but separated by a partition, 
i/cJi precludes all direct inteicov(vmmvi.ca\.TOn. Va^. Ma exaniiDe 
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separately each semi-detached heart, first the right side, and 
then the left. Now, not onlj^ are tiiese two sides of our heart 
separated by a wall, but each side is further divided by a partition 
stretched across it. Owing to this partition we find in each side of 
the heart two chambers, an upper chamber and a lower cliaraber ; 
in the partition on the right side of Ihe heart there is a door — a 
verj- perfect and beautiful contrivance — which works on much the 
same principle as the gates of a canal lock. You know that canal 
gutes are constructed in such a manner that the water is onl)' 
peimitted to flow in one direction. It is the same with the heart ; 
the blood can flow through from the upper chamber into the lower, 
but it cannot pass in an opposite direction from the lower into the 
upper. When it attempts to do so the three-leafed folding 
doors which surround the aperture dose and prevent it. These 
doors are not formed of a hard substance like the gates of a lock, 
Irat of a fibrous material like canvass. You might object to such 
a material being used, and think that stiff-sided doors would be 
better because they could not be turned inside out. Nature, how- 
ever, has met this objection by attaching very fine cords all over 
these canvass flaps. These cords are fastened to Utile fleshy 
pillars that rise out of the walls of the heart- — and as soon as the 
doors are closed a tension is thrown on these cords, and hence 
tbey cannot be carried beyond a certain point. I have here an 
tnt's heart, which nill give you a very good idea of these structures 
«s they are seen in man. Now, although the blood is not per- 
mitted to flow from Uje lower chamber into the upper, yet it finds 
egress through another door situated in the roof of the lower 
Chamber ; this door, however, differs from the one I have described, 
in not opening inwards but outwards. This door, on the right 
nde of the heart, communicates directly with a tube which sends 
off branches to both the lungs. Round the opening of this tube 
there are three litde niches, actual depressions in the coat of the 
tube, and attached to these depressions hang three little bags. 
When the blood flows out at the door these little bags hang empty 
whhin their niches, but tlie moment the blood tries to return they 
bulge out and fill the aperture, looking like three egg cups placed 
side by side. I here show you three of these little bags. They are 
taken from the large artery which passes from the right side of the 
bearl into the lungs of an ox. [Dr. Morgan further illustrated 
this part of his subject by some magic lantern slides, exhibitiiig 
Ihe position of the valves.] Such, then, is the structure of theright 
aide of the heaiL The left is in every respect like it, except that the 
aperture leading from its upper to its lower cWmXiCT Ha i\ia:a^\s>j ^ 




two-leafed instead of a three leafed folding door. 
described the system of pipes by nhich the blood is dtst^ 

and likewise the structure of the forcing pump by which 
pip« are supplied, let me say a few words respecting the blood U 
motion — actually circulating dirough the vessels. I will cotnisence 
at tlie heart ; and we will suppose that the great %-eins of the body 
have just emptied their black blood into its right upper chamboi— 
its receiving cistern. The walls of this chamber instatilly contiaOf 
and the black blood is then passed on into the right lowtt 
chamber — the forcing pmnp of this side of the heart As fi^ 
chamber presses forcibly on its contents, its folding doors, lAaA 
admitted the blood from the upper clumber, are closed, and fliOf 
cords stretched, while the door in the roof throws bade its ]a& 
and gives free egress to the swiftly moving current. The Uaoc 
blood is now carried into the lungs, passed along narrower aod 
narrower tubes, dll it at last enters the capillaries of the lungs. In 
these vessels {liie length of which if united would extend for miles 
upon miles) it is, as it were, spread out to be purified, Bdng 
exposed in them to the action of the air for a few minutes it loses 
its dark shade and returns to the heart of a brilliant scarlet colittt; 
but it does not return to the side from which it came. It paastS 
now to the left side, the side which receives and distribatas tlw 
pure blood, as the right side receives and distributes the sewa^' 
blood. Here it enters the upper left chamber, passes from thesce 
to the lower, and is then forced out by the left upper door to tfap 
great artery which forms the main tnmk of the river of life, sod 
supplies tlie different organs and tissues with their stisteiuBce. 
Thus, every time the heart contracts, we have, aa it were^ twg 
distinct circulations. The one from the lower right chamber to S« 
upper left (the object of this circulation is the purification of Ae 
Uood), and tlie other from die lower left chamber to the iqjper 
right. In the course of this circulation the blood nourishes (he 
body, but becomes itself laden with impurities. [Dr. Moimn 
then exhibited on the screen a diagram of the circulation, showu^ 
both the systematic and pulmonary circulation. The circulatioa 
in a fish's tail was also shown upon the screen,] As the blood is 
forced from the left side of the heart it first enters the artsie:^ 
and passes from them into the capillaries, and it is here that 
nutrition goes on. In the capillaries you have a fluid of one 
density, and in the tissues without them you have a fluid of 
another density, and wherever two fluids of a different densi^ aie 
separated by a thm animal membrane there au interchange ts set 
ijB the thinner liquid passing readily to the thicker, whilfi at 
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le dme ihe dicker pa.sses somewhat tardily to the thianer. 
,But as nutriljou goes on at the capillaries, so it is here that the 
colour of the blood is clianged from scarlet to black. When the 
blood enters the capillaries it is scarlet, when it leaves them it 
ie black. This change in colour is due to the fact that the 
jed corpuscles of the blood, the oxygen carriers as they have 
been called, give out a portion of their oxygen, and take in its 
place a certain quantity of carbonic acid. Coincidently with 
this ch&Dge in their contents the corpuscles undergo a change in 
thear shape likewise. In the arteries, where in the mass they have 
A scarlet colour, they incline to a flat shape, while in the veins their 
sbu>e is lather round than fiat. Oxygen gives them their flat shape, 
and carbonic acid their round shape. 'VVhen the corpuscles are flat 
they refiect the light that falls upon them, and so look red ; when 
ihey are round they allow the light to pass through them, and so 
ja the mass appear black. 

As the heart is performing its work it gives out certain sounds. 
Jf any of you have listened to the beating of the heart, you will 
hxre be^ud these sounds. They differ from the ticking of a watch, 
in that oDe of the sounds is longer than the other. The first of 
Ac heart's sounds has been compared to the word " lubb," that is, 
a prolonged sound ; while the second, which is much more sharp 
md japid, has been likened to the sound in the word " dup." 
These two sounds are succeeded "by a pause. Thus you have a 
long sound and a short sound, and a pause, succeeding one 
another with perfect regularity from the first moment of our lives 
eren unto their final close. When the walls of the heart contract 
and force out its contents, then arises the first sound, and when 
the doors close, then is heard the short, sharp, second sound. 

As regards the forces by which llie blood is propelled through 
its vessels it is proper that I should say a few words. First and 
tDOSt important is the impulse communicated by tlie contraction 
of the heart itself; tlien when the blood is forced into the vessels 
the elasticity of the arteries comes into play. The blood forcibly 
propelled into its vessels by the heart distends their coats. When 
Ae heart ceases to contract and pauses, the elastic teuaiOR 
possessed by the coats of the vessels re-acts on the blood ; and 
htaamuch as the blood is prevented from returning Into the heart, 
it is necessarily forced on along its vessels. When the elastic 
tension has spent itself, then Ihe contractility of the arteries is 
atOed forth, and so an additional impulse is given to the blood on 
id j»ss:^e to the capillaries. 

Such, then, is the structure of the heart, and after this xaaxvMH 
•^arcohtian of the blood accompUshed. "SiovtiVftM.XVaN^^ 
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said, I think you will agree with me in thinking that the 
a very wonderful piece of raechanisni. Here we have these two 
lower chambers of the heart contracting and propelling the blood' 
along the arteries with a force which has been calculated as equal 
to a pressure of nearly ylbs,, and they continue to exercise this 
force day and nighl without cessation. With no other 
muscles could you get through the labour which the heart 
achieves ; for remember, that if you are to make the comparison 
between the liearl's labour and the labour you accomplish with 
your hands- — a just one, it would be necessary that you should 
work during the night as well as during the day; and not dniing. 
the night alone, but also during the hours that you rest your hands 
at meal times, and during the hours you devote to recreation and 
rest; for, bear in mind, that so long as life lasts the heart never 
gets one moment's repose. 

Another thing which must impress you is the noiseless 
in which the work is done. And this remark applies not alone to 
the heart but likewise to several of the other organs. In oiu 
bodies we have pumps and chums and chemical laboratories all 
work at one and the same lime ; and yet so quietly do they get 
through their work, that, so long as our health continues, m 
actually are unconscious that any work is being done. 

Table showing the average proportions of the constitnests 
the blood in i,ooo parts :— 

Water 784 

Red corpuscles 131 

Albumen 70 

Fatty and extractive matters . . . 

Saline matters 

Fibrtue 



6-77 

6-03 
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LECTURE IV. 

EATHING, AND THE ORGANS WITH WHICH WE, 
BREATHE. 

nON of the lungs — ^Structure of the lungs — The lary!L\— 

—The lung lubes— the air sacs— the air cells.— The artery 
i lungs. The Chest. — Its shape — its movements.— Floor of 
f The air we breathe. — Breathing the function of the lungs, by 
r'blood takes in oxygen and parts with carbonic acid. — Loss of 
B Is respired ait. — Oxygen goes to red corpuscles. — Oxygen given 
:apillaries. Animal heal. Quantity of carbonic acid in respired 
intity of water in respired air. SulTocation.^Instances i^H 
rous deaths have arisen from suffocatioit. — Ventilation, ^H 



ping to speak to you to-night, my friends, about breathing, 

B organs with which we breathe — tlielungs, — but before I turn 

[subject, allow me to remind you of what I told you in my last 

With regard to the circulation of the blood I told you that 

I is distributed to tlie dififerent organs and tissues of the 

Kby a complete system of pipes; that one set of these 

inied the blood from the heart, and that another set 

i carried the blood to the heart j that those which cany 

__od from the heart are called arteries, while those which 

Ibe blood to the heart are called veins ; and that between the 

iuties of the arteries and the commencement of the veins 

i another very minute set of vessels ca,\\e4 "Cws C3.'^&as\it'^. 
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These capillaries therefore conneci the arteries witli the 
then went on to speak to you about the heart ; pointed onl to you on 
the diagrams the situation of the heart, behind the breast bona 
nearly in the centre of the chest, and tcJd ycm that it was divided 
into four chambers ; that the blood was brought to the heart by two 
large veins, one passing up from the lower extremities, the Other 
coming down from the head and the upper extremities. These 
veins empty themselves into the right upper chamber. From the 
right upper chamber the blood is passed into the right loiver 
chamber, and is thence driven by the contraction of the walls of 
the heart into an artery which terminates in the capillaries of the 
lungs. The capillaries of ihe lungs communicate with veins, which 
finally discharge their contents by four separate trunks into the 
left upper chamber of the heart. From the left upper chamber it 
finds its way into the left lower chamber, and is then pumped owt 
into llie great artery which distributes its branches to the difletCDt 
organs and tissues of the body. 

Let me now speak to you of the lungs and the chest; and in 
dealing with this subject I wil! proceed in the srime way as I did 
in my lecture on digestion. I first described the structure of Ae 
stomach, and then spoke of its fiinctions, or the manner in whidi 
it does its work. What, then, are the lungs, and where are iba 
situated ? you see them well painted in that diagram. You w 
observe that in man there are two lungs — one on each side. The 
right lung is divided into three parts called lobes, and the left into 
two. They are situated one on each side of the heart, and ae 
surrounded by the ribs. The lungs communicate with the outtt 
air by the nostrils, and by the mouth : the nostrils are the apeituK 
of the lungs, as tlie mouth is the aperture of the stomach. You 
know that a cold in the head when the inner lining of ihe aostdls 
is thickened, often passes down into the chest, thus showing that 
the tvm are closely connected with one another. The pass«e 
however from tlie nostrils to the lungs is not altogetlier a peribcuy 
direct passage. It is pretty continuous till it reaches the bade « 
the tongue, but then enters a narrow aperture immediately uodet 
the roof of that organ, lliis aperture is guarded by a self-openi^ 
spring door: when food is swallowed this little door is tig^tt^ 
dosed until the contents of the mouth have passed its thresboldi 
and then it swings back its leaf and remains open till the act of 
swallowing is repeated. If in swallowing you burst out lai ' " 
this door is forced open at a time when it ought to be dos 
Uiem food is apt "to go the wrong way." Within this dooryoB 
f tFiff find an aper^re, a narrow chink toinaed \j^ "wio otirfa, ifef 
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Ee chorda. They arc stretched across a httie box (the''" 
ilarly known as Adam's apple. They are called the 
e cords, because irhen the air from the lungs is forced through 
1 their edges begio to tremble, until vibrations of sound are 
Fi forth. Voice originates in these cords ; when they are 
royed by disease it is only possible to speak in a whisper. 
fw tJie voice cords, immediately under the so-called Adam's 
e, we come to the windpipe. In front and at the sides it is 
wnded by rings, formed of gristle, which do not, however, meet 
lebacfc. Although this tube is called the windpipe a great 
y people have an idea that the food they swallow is carried to 
Itomftch along this pass^e. That is not the case ; the food 
Eie along a disunct tube situated at the back of the windpipe. 
le windpipe was not protected by rings, the passage into the 
B wight be closed when we stoop, and the air would be 
ented from entering them. Soon after the windpipe enters 
^est it divides into two large branches, called the bronchial 
S. One of these branches passes into the r^ht lung, and the 
e into the left. In the lungs they subdivide into a great 
ber of smaller branches. For a considerable part of their 
Se dicse tubes, which are composed of a tough and partially 
ic material, are strengthened and kept open by little rings of 
Ic. These rings, however, differ from the rings found m the 
:pipe, in completely encircling their tubes. As the tubes pass 
ley get continually smaller and smaller, and a.s they diminish 
», they lose their rings, until at length they are almost entirely 
^ed of a fine elastic material. These tubes terminate in _ 
mintitc sacs or bags, the end of each tube being attached to J 
of these little bags, as though they were so many hoUowJ 
en. Let us examine the interior of one of these bags ^| 
we called lobules or air sacs, and are traversed by sundi^B 
pt93ageB. Both these passages and the walls of tJie airsacggi 
urrocmded by a vast number of little partitions, whicli projecsH 
&eir sides, giving them, under the microscope, a sort O^H 
fcombed appearance. It has been calculated that in eacl^| 
ic there are no fewer than iS,ooo of these litUe partitions, an^l 
(be lungs of a grown-up person contains about 600 million^H 
ettlt These partitions are known as the air cells of the lunguH 
It air sacs and their cells are the parts of the lungs whicI^H 
!iallf suffer from that terrible disease which kills such grea^| 
^m.of Oiu rac^ which you are all familiar with under itswdlfl 
H|toc— consumptioiL Although the air cells are so smalll 
^Hbb sJtc^eUier invisible to tiw nzk^ &>[c, *««, ^\\.C)>;i\ti ^SSH 



find that, were it possible to spread them all out in one 
piece, like a roll of calico, they would measure 300 yards, tiic 
material being about one yard in width through its entire length, 
l,et me now say a word regarding the manner in which the 
bronchial or air tubes are lined. Nature has a particular material 
of its own, which it applies to lining, covering, and sundry other 
purposes. In books of physiology you will find ii spoken of as 
•.■pilhelium. I-et us examine this epithelium under its simplest 
ic-rm. In its simplest form it looks like a little bladder or sac, but 
as it is required for different purposes, so it takes different forms. 
1 1 is out of this epithelium that the skin is formed. You know 
iliat our muscles do not come into direct contact with the outer 
air, and it is fortunate for us that they do not. In this diagram 
)'ou see the different muscles of the body denuded of their skin 
and the tissue below it. You must admit that the appearance oi 
such a figure is singularly unsightly in comparison with what we 
are accustomed to admire in " the human form divine," The 
difference is mainly due to the abseiice of the skin. Tliis skin is 
formed of epithelium. If you examine the under skin you will find 
that it is made up of layers upon layers of little cells or sacs, 
which look under the microscope almost like so many soap 
bubbles, As these little sacs approach the surface they become 
flatter, until finally, when they terminate at the skin, they are 
merely dry scales. They then constitute one continuous waterproof 
covering, the scales lying side by side all over the body like so 
many little slates. So long as they are round and contain a liquid 
s-^cretion, liiey are tender to the touch, but when they become 
scaly they can endure pretty hard knocks without our experiencing 
any pain. This same epithelium lines also the arteries aud vans, 
and is laid down all around their coats like so many little tiles. In 
this manner it makes their inner surfaces perfectly smooth, so that 
the blood can easily travel along their lubes as though they vrere 
glazed. This same epithelium covers also the villi of ihc 
intestines, whose structure I have so fully e.'splained to you ; but 
here, instead of being flat, it takes the form of little peais set i^ 
on end all over the villi. When applied to another purpose the 
cells of epithelium are drawn out into fibres which are, as it were, 
woven into hair, and then we admire it in the wavy aud glossy 
covering of the head. But, interesting as are these different forms 
of epithelinm, perhaps the most curious form of all is that which 
It assumes when it is used as a lining for the air tubes. Here rows 
Lbpon rows of little round cells are laid down within the tubes, 
^BtiJ at length the innermost cells lengthen themselves out. 
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jneem to stand on end These upright cells lie, a^Hra^" 

wedged ic by their Ecighbotirs on eveiy side, except where they 
fece the air tube. Several very minute little projections, not unlike 
fine hairs, arise from these surfaces. As the cells stand side by side, 
tliese littlehairs form one continuous brush, which constantly sweeps 
tiie sides of the tubes. Day aud night these busy little workmen 
ply their brooms. Whenever minute particles of dust enter the 
hugs, or mucus is formed within them, it is brushed out in the 
direction of the windpipe and forced out with a sudden blast of 

' , which we call a. cough, These, then, are the brushes which 
nature uses for the dusting of tlie lungs. Not content ivith lul- 
lUbng the duty required of tliem through life, they may even, for a 
short time after death, continue their movements, 

Let ua next proceed to speak of the great artery which discharges 

ts blood into the lungs. This artery is called tlie lung atter}-, and 
proceedsfromtherightlower chamber of the heart. You willremcm- 
hex that in speaking of the heart I told you that a large vessel 
proceeded from the roof of the right lower chamber; well, this is 
ihe vessel to which I then referred. Soon after leaving the heart 
it divides into two branches, one of which passes into the right 
J, and the other into the left. For a time these vessels run by 
the side of the air tubes, like them becoming smaller and smaller 
until they reach the air cells. Here they send very line branches 
round each little air cell, while these branches, fine as they are, 
»end out still finer branches (the capillaries of the lungs) into llie 
veiy partition walls of the air cells. These capillaries here are so 
close to one another that they actually occupy more room than 
the interspaces between them. I have calculated that could the 
capillaries of l!ie lungs be all united together so as to form one 
oontinuous tube, this tube would measure about S,ooo miles: it 
would be more than long enough to reach to America aiid back. 
If you examine these litde vessels in the lungs j'ou 
will find that their sides project beyond the walls of the 

"r cells, looking not unlike the v?ins of a fine leaf when it is 
held up to the light. After covering the walls of the air ceils 
with thin delicate branches, the capillaries, here, as in ihij 
rest of the body, end in veins, and tliese I'eins, like all other 
veins, as they travel onwards towards the heart, get gradually 
laiser and larger, until at length they end in four tnmks, all ot 
vhicb discharge their contents into the upper left chamber of the 
heart Thus you will observe that there are in the lungs a number 
of lobes formed of a vety tough material, and kept open for a 
certaio distance b; hoops inserted in their walls. T\v«^& 'ai:K>'^ 
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-gfaflnally cease, but the tubes still pass on, getting sai^K* 
smaller, tintij they finally end in the air sacs. One tube, and one 
<rnly, enters each air sac. Within the air saes are situated those 
■countless little compartments al! covered with capillaries which I 
spoke of as the air cells. 

So much, then, regarding the structure of the lungs god ihc 
vessels which are distributed witliin them. Let us next turn to die 
chest, the hollow box in which the lungs and heart are deposited. 
The chest is supported behind by the hack bone, which passes 
down from the neck like the keel of a ship. Twelve bones, known 
-as the ribs, are hinged on to each side of the back bone. These 
bones enclose and protect the cavity of the chest. In front the 
ten upper ribs are more or less closely attached to a plate of bone, 
called the breast bone. In passing from the spine to the breast 
bone the ribs take a slanting direction, inclining somewhat down- 
wards. When we open our chests, as we do in breathing, thCf 
alter their position, and instead of inclining downwards and 
fonvards become nearly horizontal, pushing the breast bone 
forwards and a little upwards. By this movement the chest ts 
made deeper. The distance fi-om the spine to the breast bone 
being increased it becomes also wider, the two sides being 
separated by a greater distance. This is owing to the shape w 
the ribs. If you examine them they look hke ri^tly strung bows. 
When the chest is at rest the curved face of these bows hangs as 
it were downwards ; but when it expands this face is directed 
nearly straight outwards, and by reason of this rotation or tnm of 
the ribs the interior of its cavity becomes wider. But not orfj' 
does the chest gain in depth and in width but it gains also in 
length, and it gains in length because it has a moveable floor. 
This floor is known as the diaphragm. It is composed of bands 
of flesh knit together so as to form a thin partition curtain be- 
tween the chest and the digestive organs. It is firmly attached 
to the ribs, the spine, and the breast bone. In breathing this 
partition is drawn downwards, and then the cavity of the chest ts 
increased in length also. Thus you will observe that in brealhtng 
we enlarge our chests in every direction, from before backwards, 
from above downwards, and from side to side. 

[Dr. Morgan illustrated the enlargement of the chest in width 
and in depth by means of a wooden contrivance, several cross 
bars being attached to an upright post. These bars inclined 
downwards, but as they were raised and became horizontal, it was 
leadily seen that the distance between their free extremities asd 
^^part to which they were hinged was iBcteaseil. A.s these bars 
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curved and turned on tlieir axes, they illustrated at the same 
'fiit increase of the chest in width.] 

now ask you lo look at this glass jar which I hold in my 
It contains the lungs of a sheep. 'l"hc windpipe which 
passes from the lungs is closely fitted into the neck of the jar ; 
across its floor is spread a piece of India-rubber sheeting. You 
will observe that when 1 draw down tlie elastic floor of the jar 
the lungs which before hung empty are increased to three or four 
times their size. They are larger because they are now full of air 
wbich has rushed down the windpipe. Exacdy the same tiling 
takes place when we expand or open out oui chests. They 
become larger, and as rapidly as they grow larger, so rapidly does 
tbc air pass down the windpipe and fill them out And why does 
die air do so ? Because, as we are told, nature abhors a vacuum : 
llttt is, nature will not allow any place to be altogether empty, and 
tt it cinnot fill it with anything else it fills it with air. If when 
we open out our chests air did not enter them there would be a 
vacuum within us. This, then, is what takes place when we 
breathe : air enters whether we will or not — we cannot shut it out. 
Tiy lo hold your breath, and yon will find that you cannot do so 
ROrociently long to do yourself any real harm. It is recorded that 
a man once tried to commit suicide by holding his breatli, but he 
could not do it : he was able to hold his bead under water till he 
drowned himself, but he could not by the force of bis will shut 
out the air from his Irnigs. From what I have said you will 
perceive that when we speak of drawing in a long breath we do 
not express ourselves correcdy — we speak as if we swallowed air 
as we swallow water; we do no such thing. By means of the 
""""^l" which are attached lo the chest we open out its cavity, 
and then ihe air finds its oivn way in whether we will or no. 

■ Let me no\v say one or two words in regard to the air or 
stmoqibcre which surrounds us. The air covers all this earth on 
'whic^ we live to a height of some fifty miles — hence it extends 
altovt that distance above our heads. In small quantities it is 
■Itogcther invisible. In fact, you see objects through it as though 
it did not exist at alL In large volimies however, it lias a blue 
colour— hence in looking up into the sky on a clear day it looks 
blue. It looks blue because there is a great quantity of air above 
ua — BO, too, the distant hills in fine weather look blue because a 
gveat mass of air lies between the hills and our eyes. Look at this 
fax of blue dye on the table. It is a rich deep blue; but wlien I 
6U this naiTOw glass tube with some of the coloured watet in th£ 
>a observe lAar it looks white like walei. 'iu^Vm &e. ^waa 
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manner lai^e quantities of air look blue, and small quantidev< 
no colour at all Let us next consider what the air is composed 
of. It is a mixture of two gases, oxygen and nitrogen, gases of 
which 1 have freiiuently spoken to you. If we separate these two 
gases we shall find that we have about zi parts of oxygen and JO 
parts of nitrogen. Oxygen is the active gas^the feeding ana 
warming gas of which we make use when the two together enter 
our lungs, and nitrogen is the gas which is mixed wilh the oxygen 
lest it should be too strong for us and bum us away too fast, As 
experience has taught us to dilute our brandy, so has naWtC 
diluted for us the air. We can neither driuk neat brandy with 
impunity nor breathe neat oxygen. Let us next follow the air 
into the lungs, and discover what takes jjlace when it gets Ihera 
If we examine some air just as it is entering the chest, and agsuB 
after it has been in contact vith the lungs, we shall find that it has 
undei^one a change. The air that comes out at the nostrils is not 
the same air as that which went in : and what is the change it bss 
undergone? It has left behind it a considerable portion of the 
oxygen, and it has taken in exchange for the oxygen nearly the 
same quantity of carbonic acid gas. You will think, perhaps, that 
an exdiange of two mere invisible gases cannot be a matter of any 
very great moment to us. It is, however, a matter of such momenl 
that, should anything interpose to prevent it, witliin five minutes 
we would certainly die. 

We will now follow the oxygen into the lungs and see what 
becomes of it. Every time we breathe or open out our chests 
nearly one pint of air passes down mto the lungs. This jrint 
contains about 40 tablespoonsful of air, 30 of nitrogen, and 10 (rf 
oxygen. The nitrogen we return to Uie air almost exacdy its il 
entered, retaining but a fractional portion of it; of the oq^;eil| 
however, we keep about two tablespoonsful ; and what be- 
comes of this oxygen? It enters the capillary blood vessels.' 
How does it enter them? It passes through their coats; oxygen 
passes in through their coats, and carbonic acid passes ou/ throudi 
their coals, and takes the place of the oxygen, which is then wiUt- 
drawn from the air. Thus there is exchange, but no robbery. 
But how, you may ask, can a gas pass through a tube— how caa 
the oxygen get into the capillaries ? What did I tell you about 
fluids in speaking of digestion ? I told you that if fluids of S 
different weight are separated by a thin animal membrane, such as 
the coat of a capillary tube, the lighter fluid will pass out with gte&t 
readiness, while at the same time the heavier fluid ivill pass in ; in 
r words, aa interchange will be set u^ between the contents of 
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the vessels and the tissues which surround them. The same thing 
takes place in the case of gases. When two gases are separated by 
a thin animal membrane, such as the coats of the capillaries of the 
lungs, they intermingle as though there was no intervening tube at 
all. Hence, while the carbonic acid in the tubes passes out the 
oxygen outside the tubes passes in ; and what becomes of the 
oxygen when it does enter the capillaries ? It is then stowed away 
in the red corpuscles of the blood. The red corpuscles which 
come to the lungs like so many little bottles of sodawater 
charged with carbonic acid, empty out their ga.'i— a gas which 
proves depressing to the system, and in exchange for that lowering 
gas they take in another which endues them with renewed 
Sfe and energy ; they, as it were, discharge their sodawater 
and become filled with champagne, At the same time from 
being black and travel-stained they become red and bright. 
and cheerily travel on to the left side of the heart. Here 
they enter the left upper chamber by the four veins of the 
l&Dgs; from the left upper they pass to the left lower, anii 
arc then pumped out into the great central artery of the body. 
By this artery they are distributed to every tlsstie and organ 
"Hie brain is then stimulated by the invigorating stream whic'". 
goes to supply it, and readily grapples with its work; the 
muscles feel springy and elastic, braced up for dietr labours. 
Thus we see tliat the oxygen enters the red corpuscles, stimulates 
them to action, and is then distributed by the arteries to tha 
capillaries. So long as it remains in the arteries it is still, as it 
Wtxe, bottled up in the corpuscles, but on cnteting these little 
vessels it is subjected to a change. In the arteries the blood 
moves rapidly, travelling a distance of a foot in little more than in 
a second, but in the capillaries it slowly trails along at the rate of 
about an inch in a minute. Here, then, as the corpuscles tarry in 
that course, sluggishly dawdling along, the hungry tissues outade 
the capillaries rob them of their oxygen, the oxygen passing 
Arotigh the coats of the corpuscles and the tubing of the 
capillaries till it comes in contact with the carbon of the used up 
tissues- Immediately on coming in contact with this carbon 
chemical combination takes place ; in other words, the tM'o become 
mited together ; but in uniting both are changed, and then they are 
no longer called carbon and oxygen, but carbonic acid. Thus, in 
ftct. at the capillaries oxygen takes carbon into partnership (a 
used up partner certainly), and then the firm under the name of 
*• carbonic acid" returns to the corpuscles, takes up its aboda wkhi.^ 
thew, changes tlieir colour from red to black, is ftoo.Vc^ V'j 'to^'ca. 
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down the current of iht vinos, Ja eiB^tied. into the r^t uppR 
chamber of the heart, is padsett from the upjier into the lower, is 
then forced out into the lungs, and is there ooce more exchaoff ' 
for oxygen. Thus vre have followed the oxygen from the lungs 
llie various tissues of the body, seen how it becomes united »idr 
carbon, how its influence for good on the system is destioyed 
through this union, and how, after being no longer of ai»y I 
it is cast out with the air at the lungs. If we examine the 
which passes from the lungs we shall find tliat after having hi 
breathed it receives from the blood about the same qiiasiiljr of 
carbonic acid as the oxygen, whlcli it appropriated to itsdf ; apout 
two tables poonsful of oxygen are taken in, about two tablespoimfr 
ful of carbonic acid are given out. I-el me now try to |>ioire t* 
you that air which has been breathed really contains a cODsiderabk 
quantity of carbonic acid. I have in this flask some lime waiei- 
lime dissolved in water. Vou will observe that it is ai pnmA 
quite clear. I now breathe into the lime water through lius gla< 
tube, and the water looks white and milky. Why does it do SO 
Because the carbonic acid of my breath has united with the lime 
dissolved through the water, forming what is called carbouat« of 
lime, a substance which will not dissolve in water but 
suspended in it as a white precipitate. Had there been M 
carbonic acid in my breath this carbonate of lime would not iawp 
been formed. [Dr. Morgan then ignited a piece of charcoalfld 
placed it under a jar of oxygen gas : the brilliant sparks CMIKJ 
this illustration to be much applauded,] You seem pleased wto 
this experiment. AVhy have I shown it to you? I have shown * 
to you in order that you may see how eagerly oxygen and caibw 
unite together. The two rush, as it were, into each other's anw 
and become changed into carbonic acdd. Look now at the ju: 
you will observe that no more sparks are given off: the chaicot) 
has disappeared, while the invisible gas which has taken its ylaet 
is formed out of it and the oxygen which surrounded iL J\ 
this same union of oxygen and carbon takes place just outsidA 
capillary x'essels, the two combine, and, in combining, give oat 
heat The giving oft" of this heat is not accompanied by spatilk 
but ts rather a sort of smouldering tire which is continually gfUSI 
on within us; and every time the corpuscles bring a fre^ caig* 
of oxygen this fire is, as it were, fanned. If it is diiScult fbf ypn 
to imderstand that two substances can unite together and ^vcMt 
ith while yet there is no visible flame, look at this gfatf 
tains some oil of vitriol, I add water, and you see that 
js generated and rises out ot Xhe ^\a^s. A\wc, ■vKen, xoii 



pe~^eal diseng^d by fte union of two substances, and yet 
■rticre is bo flame. The same thing takes place in the warming ol 
liie body. 

t I told you jnst now that we do not express ourselves cor- 
JfecAy when we speak of drawing in our breath. "VVe are incorrect 
Hflso *hen we make iise of such an expression as " emptying the 
raesL" We are incorrect because, do what we will, we cannot 
[BBq)n' out all the air which our lungs contain. A man's lungs 
•ill hold between three and four quarts of air, but so far is he 
pom changing the whole of this air every time he breathes, 
puLt he barely admits and gives out a single pint. Thus there 
Si always present in the lungs a large reserve store of air, of 
fwliidi a comparatively small quantity is constantly being 
jcilianged. When we take a long breath, or open our chests as 
Wide as ever we can, then we admit about three pints of air ; but 
Ictbd then therv is at least an equal qnautity left in the lungs which 
flre fcave no power to force out. If you watch a person breathing 
ytfa will find that he expands his chest about fifteen times in a 
urimte. Every now and then, however, especially if the air be 
■bad, ftnrfi as we find it in theatres and concert rooms, we sigh or 
Mnra — in other words, we take a deep breath. In such places 
mt hmgs seem to tell us, when they force us to yawn, that although 
mty would be quite satisfied with a pint of pure country air, they 
Hlltn have occasionally at least an extra quart of the sort of stuff 
pre there supply Ihem with. Besides containing a large quantity 
pT caitonic acid, air which has been breathed is also saturated 
jwWl moisture. If you breathe into a glass jar for 24 hours you 
priO ^nd at the end of that time that the jar will contain about a 
niDt of water. This water will first settle round the sides of the 
ntr, as you see it 00 the glass windows of a cab or an omnibus, 
mttA will then flow in drops to the bottom of the vessel. This 
ijwjiter all comes out of the lungs, being diffused through the air 
lAich has been breathed in the form of invisible vapour. If yoU' 
dtDowtiie water which you have collected to stand for a few days,. 
hum will find that it will not keep, but wiii putruy and become 
ofleDBiTe. Thus you will perceive thai when a large number oi 
penons are collected together in a small and close room they are- 
jeODtiniiaUy admitting into their lungs air which has been not only 
Ideprived of a considerable portion of its oxygen but is vitiated by 
Ibe admixture of carbonic acid gas and impure water. Air whiclk 
flua been once breathed coiitai:;s about five per cent of carbonic 
jacid. Such air would very soon prove fatal to even 0\a sK'sa^tss. 
imaa; hdeed one per rent of this gas is aXMger ^Tia^w.<«v"i:KB» 
■ efcrafflagth of irimc \\n. ^w'^i.ts'^vii* 
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a view of showing the effects of vitiated air, placed a live pi 
jji a jar, into which he admitted carbonic aad. In a short tnne 
the pigeon, which had before been well and lively, began to hang 
ttii head, gasp, and look, very uncomfortable : as soon as fresh aii 
was admitted, the pigeon immediately revived.] Dr. Moigan 
i-o:iliniied, I have been giving this pigeon a dose of what yon are 
continually giving yourselves when you close up your irindows and 
lioovi. and stuff a sack into the chimney. It is very fortunate fiff 
you that in spite of all your efforts to keep out fresh air you cannot 
altogether succeed in doing so. The air will rush in, and will not 
pctinit you to destroy yourselves. If, however, one of you were 
placed under a large glass Jar, into which it would be impossible 
for the outer air to enter, and where you would be forced to n- 
admit into your lungs an unchanged atmosphere, you would be 
eifectually suffocated in the course of a few hours. There are 
numerous instances on record of large numbers of hum;m beings 
perishing for want of fresh air. In the year 1757, 146 persons 
were locked up for the night in a room in Calcutta, which was 
only 18 feet square. The next morning only 23 of the number 
were left alive, The rest perished after enduring intense sufferings. 
You have all heard of this room, which, from Bie terrible traeed7 
enacted within its walls, obtained the name of the Black Hole oi 
Calcutta. A similar accident occurred more lately, on the znd <£ 
December, 1 848, when the steamer Londonderry sailed from Sligo 
to Liverpool, with 200 emigrants on board. A gale of wind came 
on, and the captain ordered the passengers below. They were 
pac!;ed together in a small cabin. Not content with fastening 
down the hatches he covered them with tarpaulin. The agony 
endured by these unfortunate people in this dungeon was frightful, 
and so tightly were they imprisoned that 73 of the 200 perished 
before their pitiable condition was discovered. These persons 
died from suffocation ; the air which surrounded them was so 
charged with carbonic acid that the black venous blood which 
entered their lungs could not obtain its supply of oxygen, and 
consequently could not be purified. It was therefore passed on to 
the left side of the heart comparatively unchanged. But these 
chambers knew that it was an intruder ; they knew that as the 
right side of the heart receives and distributes the sewage blood 
so does the left receive and dispense the pure blood. When 
these chambers therefore are entered by the black blood an in- 
tense sense of oppression seems lo weigh upon the chest Thu 
is a feeling which, in its milder forms, we have all experienced in 
holding our heads under water, T\\e op^^esaio'a q? Ave, chest 
x/ed i/ dizziness of the head. Itaa i\i.ii.'cv!s,s> ■isise&iiis 
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le black blood is forced from the heart into the delicate tissues of 
the brain. At the same time strange sensations invade the Jinibs, 
attended by those agonizing sufferings which are experienced in 
|he early stages of drowning ; for remember that the death wliicli 
ittends on drowning is a death from suffocation. The intercliange 
>etweeii carbonic acid and oxygen cannot go on at the lungs, 
itack blood is distributed through the system, and then all is 
XMifiision till the flickering flame of life finally expires. 

Having spoken to you at some length on the great danger of 
>ad air let me advise you always to try as much as possible to 
Lttend to what is called the ventilation of your rooms — that is, to 
teeping the air within your dwellings tolerably fresh. I believe 
nothing contributes in a greater degree to deteriorate the inliabi- 
atits of oucftltge towns than the bad air by which they .'.re 
Rirrounded. I am well aware that it is difficult in winter to open 
windows in a small room — you cannot avoid getting between 
Ihe window and the fire, and are then exposed to 3 draught. It is 
possible, however, to admit air without exposing ourselves to cold 
Irat^ht. I here show you a model of a ventilator which I have had 
btFoduced at the Salford hospital. A little box about an inch and a 
depth is fixed into the upper part of each window, and ex- 
eads for some six inches down the sash. The outer facing of this 
Kw is made of perforated zinc, Into this box is fitted another box 
fhtdi can be removed from the sash and taken down. The side 
>f this box which looks into the room is covered with fine gauze 
' ■ filled with finely carded cotton wool and is then fitted 
nto the sash. The outer air then gains admission into the room 
passing through the zinc, the wool, and the gauze wire. In this 
Qaer, while the wool is perfectly pervious to the air, blacks arc 
ered out, moisture is absorbed, and the force of currents of air 
IS it were broken. At the same time the air is to some extent 
rarmed by the mechanical friction to which it is exposed in 
^auing through the ventilator. The cotton wool requu-es to be 
■haw gwl every five or six months. It is then found loaded with 
abicks, which would otherwise have made their way into tlie room. 
Iliis contrivance has been in use at the Salford hospital for about 
wo years, and has kept the air of the wards perfectly fresh, whilst 
Ten during the late severe weather the patients have not com- 
■lulled of draughts. Some such contrivance you might arrange for 
fooraelvcs. 
This, my friends, is the last lecture which I have arranged to give 
■u at present. From what I have told you, youwillj IIiq'^,W««. 
" iomething which may prove use(>j\ Xo ^qvi-. cao'j.^ 



perhaps to mduce you to study some simple little bo( 
jihysiology for yoursdves. The diagrams and the experiments 
which 1 have shown you would assist you in underbian'Jing nuich 
which would otherwise have been unintelligible to you. 1 have 
endeavoured to the utmost of my power to express myself in the 
simplest language. I fear some of you who know someihine *•' 
physiology will have thought mc childishly simple. These lectures, 
however, were not intended for tiiose who aheady knew sotuetliim; 
of the sciences about which they have treated, but for those iriiO 
knew nothing at all about them. It is to this latter class of my 
audience that I have addressed myself, and if I have succeededia 
interesting them I am quite satisBcd. For one Ihit^ howiiver, I 
must thank you all, and that is for the marked alt£a)ioa with 
which you have listened to me. lu looking at your faces I have 
not observed a single yawn. Everywhere my eyes have lifted 
upon thoughtful and intelligent countenances. For this alteotiaD, 
which has so much assisted me in speaking to you, 1 beg i»ost 
heartily to thank you. 
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say 
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: successful than Ibe first, ugain 

; ihflt the people of Manchester value the opportunity of 

; ibe exphiialion of scienlific Irullis frum tlic Ups, of thusc 

made llu- cxtcnaion of iialiiruJ knowledge tlieil cliii.f 

capalion in life. Tlie names of the lecturers ivill be a sufCicienc 

lee of the scientific spirit wilh wbich each subject is 

, whilst the eagerness with which the lectures have been 

ended proves that Ihcy were not pitched atiove the comprehcnsioQ 

a for whom they were specially designed. No fewer than 

> persons have attended the nine lectures Eiven ibij winter, 

t the publication of the actual words of the lecturer for one 

any has brought the subjects hame to a much wider circle. The 

forms me that editions of io,ooo of each of three of the 

1 of from 5,000 tu S.ooo of each of the others are already 

out, whilst the demand for scientific literature of the kind 

f increasing that a second reprint of Ibe first 

ss has been called for. 

\i to be hoped that this example of Manchester may be foliot 
her huge towns, for surely nothini; can nt the present lii 

e important than W iufusc inio the minds of the people a 
it scienliHc truth which, is rapidljr being recognised as not onfy 

g at the foundation of uur malerial welfare but also of our social 
il well-being. 

e various eminent men who delivered the lectures in tbii 

1, but especially to Mr. T, J. I'. Jo<lrell, wlio Eenerously defrayed 

(heavy expenses connected wiih liieae penny k'clures, the tlialillj_ 

o people of Manchester are due. 
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Dr. Roscoe, who presided, said ; — I have great pleasure in 
TfropenLng the series of " Science Lectures for the People ;" and 
I have the more pleasure because my friend Professor Williamson 
has consented to deliver the first lecture. I am afraid that the 
title he has chosen has given some people the idea that it would 
be a dry lecture. I know, however, tliat all those who are present 
will not only not regret that they have lieard the lecturer, but 
will feel sorry that they did not bring their friends with them; for, 
like the giant in the story, Professor Williamson will extract for us 
interest and benefit even from paving stones. 

Professor Williamson said : — IjidiiiS and Gendemen, — Wlien, 
some century and a half ago, the first excavations were made into 
the lava masses that covered the ancient city of Pompeii, it was 
discovered that the streets of the city ha.d been paved with 
blockii of lava from the adjoining mountain VesuviiLs. Voii 
have probably ail heard of Macaulay's apochryphal New 
Zealander, who, in some future age, when England has passed 
its zenith, and is once more become a desolate wilderness, is 
to sit upon one of the broken arches of London Bridge to sketch 
Ihe ruins of St. Paul's. And if that topographer of the 
future, when he accomplishes the task tlrnl the brilliant essayist 
assigned to him, visits the city which tradition indicates as 
having been the ancient seat of nunufactures in this part of the 
country — I mean the city of Manchester— he, if he has assistants 
with hiim and should make similar explorations in the streets of 
this city, will have to record the same fact that has been TCtOTdsA 
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^^TnciSil "Pompeii. Unexpected as the fact may l>e even 
he will have to aunounce that the streets of the city were 
paved with lava from an adjoining mountain. 

Now before I demonstrate this apparently paradoxical siatemenl, 
I must call your attention to the fact, which probably most of yon 
know already, that tliere are two very different kinds of rocta 
found in the interior of the globe. There are, first, those that haVc 
been produced by volcanic fire— lavas— of an endless variety of 
sorts. There are, secondly, what are called the stratified rocks, thut 
have been produced by the action of water. If you see n 
muddy pool depositing layer after layer of mud, and if when this 
mud subsequently becomes dried up, you proceed to examine tie 
muddy deposit, you will find thai it is arranged in layers. Now 
this deposit is on a small scale an epitome or picture of what is 
taking place on a gigantic scale in lakes and seas throughout the 
entire world. Every part of the world has been imder water at 
one time or another ; and the deposits that have been produced 
during countless ages have given iis what we call the " stratified 
rocks." But you will probably like to have a proof of everything 
that is said from this platform. You may ask— How do you know 
that tliese deposits have been formed by water? 

I wont dwell upon the subject ; I will merely say that where we 
find oysters and mussels, and cockles, and crabs, and lobsters, WC 
are pretty safe in affirming that the deposits which enclose llie 
remains of those marine creatures must have been lormed some- 
where in the neighbourhood of the place where these maiine 
creatures lived. And so the marine remains of fossils thai we 
find in these rocUs clearly testify to the fact that the rocks in 
question were formed by watery agency and under water. But 
you say, in the second place, even supposing we accept that prool 
as satisfactory, what evidence have you to give us that tlie other 
rocks were formed by fire? As this will be the special subject Ol a 
portion of my lecture to-night, we will take a little more trouble 
to demonstrate this fact to you, and make it plain. 

The first photograph that I will show you is one from a drawing 
in a work recently published by Professor Silvestri, a work in 
which he gives an account of the changes that have taken place 
during the last few years through the eruptions of Mount Etna. Here 
you have a view of the summit of Etna ; the central peak is hett 
I need scarcely tell you that you are looking down upon it as if from 
one of the balloon posts, about which we have heard so much latterly. 
All these round knobs that stand out so numerously and so proini- 
y pea&y are so many craters that from time to time have bwst 
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that mountain. There are liimdreds of these craters, 
md a large number of them constitute even decent-sized 
rolcanic mountains, scattered round the slopes of Mount Etna. 
Then these large black spaces, to which I would particularly cail 
rour attention, are areas where the lava has burst through some 
>f these craters. Of course it hag filled up tlie crater through 
nrluch it flowedj but, in addition to filling the crater, it has 
)V«flowed its summit, and spread itself out iu broad table-like 
uess over the sides of the mountain, ;md over tlie surrounding 
dtuns. Now, we have here an illustration of the kintl of ihiog 
hat these *'olcanic mountains eidiibit. You may be somewhat 
urprised if I tell you that those slopes of Mount Etna aie 
scarcely more pierced by craters and encompassed by deposits 
of lava Uian Wales is, in our own immediate neighbourhood. 
jhere has been a time when Wulcs was almost as much dis- 
turbed by volcanic fires as Sicily is now. If you were to take a 
;colo^cai map of Wales, you would see that it is studded all over 
md ID every direction with little red spots. ITiose httle red 
Mtchcs arc colours employed by geologists to indicate masses of 
mcient lava. Wales abounds in these masses. We find ihem on 
;very hand, and it is to some of them, in the first place, that 
I shall have to call your attention to-night 1 will show you 
I Bection of a part of Wales where we have volcanic rocks, and 
rmtifted or aqueous rocks, side by side, or rather, the one within 
|he other. A section, you will understand, is that which you 
ivQuld have if I were to cut a Dutch cheese in two, and show 
'OU the cut side of it. If the Dutch cheese had happened to 
lave been made of layers, piled upon one another like a pile of 
Eandwiclies, you would llien have the edges of the layers revealed 
to view. Cut here, instead of sandwiches, we have a series of 
layers of stratified rocks ; and, in the middle of them we have 
a great mass of volcanic lava. This is a mass of ancient lava 
fTOcn one of the Welsh mountains, with an unpronounceable name. 
I dare not venture to utter it. I should only fail ; because, as 
fou know, it is not easy to say which are consonants and which 
ite vowels in the Welsh language, unless one is trained to it, 
vbich I was not These are slate rocks. You will observe they 
ire Riranged in sloping layers, but these layers were originally 
lorizoDtal. The reason why they slope upwards is that tlie vol- 
»nic fires wliich accompanied the outburst of this lava mass has 
Iriven up these stratified rocks, tearing them asunder, whD-* 
,he kva has forced its way through. We have several reasons | 
iffinning that this lava was once fluid. You will observe that f 
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lava has not only broken tliroiigh these sLratified rodcs, haf 
upwards and downwards in all directions, filling cracks ami 
crevices, which would not have happened had this lava not been 
fluid. Before I give you another section illustrating to you fliis 
action, let me show you a section of Snowdon itself, cut in t«a 
You shall also see the summit of Snowdon, which a kind friend 
who is in llie room has brought to us. Then we have herei* 
section of Snowdon. Here you have the extreme summit of 
Snowdon^the point to which many of you probably have been. 
You will observe that there are several series of rocks foUoiriiiG 
each other. Now wliat, in tlie first place, are these purple- 
coloured layers at the base ? (The colours are merely conveo- 
tional, for the purposes ol tlie diagram.) They are beds of 
slate rocks. These yellow-tinged parts above Uiem represent 
enormous masses of lava. Now, this mass of lava was once. 
continuous over many miles of district The reason why it 
is now isolated is this : after spreading over many miles of 
district, it has been subjected to the action of currents of 
water when the whole was under the sea. These water CW- 
rents have scooped out deep valleys, and swept away an incal- 
culable number of square miles of solid materials. Parts d 
\VaIea that were once tliousands of feet higher than they are it 
the present day, have been completely cleared away by this 
watery action— by what is technically called " denudation." This 
accounts for the intemipted character of these masses of deposit 
The summit of the mountain is a mass of volcanic product, not 
lava, but ashes. It would appear as if the volcanic outbreak 
which had covered tliis part of the country with this peculiar kind 
of volcanic rock, had been followed by some outburst such as you 
meet with in volcanoes of the present day, in which an enormous 
quantity of volcanic ash has been deposited; and some of 
what escaped removal by denudation now constitutes the 
extreme peak of Snowdon. The next pichire will show the 
peak of Snowdon as it now is. The difference between tlie 
present and the past is very considerable. I do not mean to 
say that the caim is a volcanic peak ; it is not ; but the mate- 
rial upon which the wonderful cairn is erected is volcanic j it la 
made up entirely of volcanic ash. So that we have in Snowdcm 
three distinct masses of material— the volcanic ash at the top j a 
mass of lava in the middle ; and the water-derived slate rocks at 
the base. In the diagram I showed you just now, you saw K 
broad red band crossing the picture obliquely. Now this band is 
another kind of volcanic rocV, and ot xtiwe TOoitrA daie than th* 
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You ast, "How do we know Lhat?" Well, I think weiiKty 
safely venture to say lliat that which goes through another thing, 
hu come there subsequent to the time when tliat which it penetrates 
&^t existed. These rocks, you perceive, have been already deposited 
when some huge volcanic crack has been formed in them, and 
volcanic material has come up and filled that craclc Here ive 
have evidence of successive outbreaks of volcanic action. Now I 
will show you the proof that this volcanic action was accompanied 
by heaL I think I have said enough to show that this material 
must have been fluid. The reasons why we conclude that that 
fluid must have been in a liealed state hke lava, are these. In 
the first place, wherever the lava has come in contact with any 
Other kind of rock, it has entirely .iltered the character of that 
nock. If it has come in contact with coal, it has burned that coal 
into dnders j if it has come into contact with limestone, it has 
burned that limestone into marble ; and if it has come into con- 
Wet with slates, it has altogether altered the character of those 
slates, and given tliem a different appearance. I will show you 
aa instance proving this point. The picture that I am now goinj' 
to e«hibit to you is a section of another part of Wales, derived, a^ 
moet of these sections aie, from the very able report on the 
Guology of Wales by Professor Ramsay, and which was published 

the Memoirs of the Geological Survey of England. 

Here we have a series of slate rocks with a dyke of lava 
mnning through them. Here is a fragment of slate torn off from 
; rocks and embedded in the lava. You will observe that 
appearance of the slate immediately above and below 
the lava is altogether altered. The difference is this — one 
>onion of the slate cleaves easily into roofing slates ; but the 
ayer in immediate contact with the lava has been so altered by 
rtiat contact that it refuses to be so cloven. Now you have here 
i clear proof that the contact of the lava with the stratified or 
tqueous rocks has made an entire change in the structure of those 
rocks; and we know from examination that all these changes, 
wherever wc find them, are precisely the phenomena that would 
result if the same rocks were exposed to the action of heat. 
The next point that I will speak of is the more special subject of 
e lecture to-night, I am going to tell you about paving stones. 
Is Professor Roscoe has intimated to you, it is a somewhat 
inpromising subject; and I confess I was rather disposed to 
{)proach it with a little fear and trembling. In Manchester, as 
kam from our friend Mr. Stott, who has charge of this depart- 
icnt, wc use diflirent kinds of stones fov pavitt^. 1 Wvt "ivtw 



^ee stones of one kind, and several stones of onotbtf 
Berore going into details, I must remind you that we have in 
Manchester an ancient civilisation and a modern civiLsation. If 
you go along the back streets of Ancoats and other parts 
of the town, it will be desirable, especially if the day be wet, to 
take care to have thick shoes, because walking in thin shots 
on the rounded boulder atones with which those older streets art 
paved is somewhat uncomfortable work. But our civilisation Jus 
made oui more modem streets very different You know fliat 
they are paved with those square stones which I think are 
technically call "sets," stones which make a magiiificient pavint 
'I'he only complaint we hear about them is when our authorities 
do not supply ihe streets with quite sufficient water, and then the 
gentry wliu ride Uieir liorses or drive their carriages are a little 
disposed quietly to complain. But tliis is only one very insignificant 
feature of these stones. It is true they are apt to become a little 
slippery in dry weather; but on the other hand, they are exceed- 
ingly durable, and being durable they are eminently fitted for the 
purpose of the tax-payer, whatever they may be for the equestrian. 
I leam from Mr. Stott that we obtain these "sets" from three 
localities. Here is one stone that is obtained from PenmaenmAW. 
Here is anotlier stone tliat has been obtained from the CIce 
Hills in Shropshire; and here is a third stone that is obtained 
from a part of Carnarvonshire, from the neighbourhood of a place 
they call Glyonog. What are the rocks at these three localities? 
The Penmaenmawr and the Clee Hill stones are very similar in 
their essential qualities ; they are lavas, closely allied to the fonns 
we commonly call basalts and greenstones. I wont enter into the 
niimite distinctions of these stones. I am not about to bewilder 
you by the wonderful chemical formula that my friend behind me 
(Dr. lloscoe) could favour you with, in describing the chemical 
composition of these stones ; that would be out of my reach and 
line. Neither will I trouble jou much with minute distinctims 
between one kind of basalt and anodier. There is an endleiS 
series of these distinciions that would perplex any philosopher ta 
define, and it would perplex him still more to identify sll the 
varieties when he saw them, All I have to do with them to-nichlis 
to say that there arc many kinds of lava, whether we choose to call 
them basalts or greenstones, or felspars or porphyries, or by anyother 
of those mineralogical names which are employed to distinguish them. 
^Ut we can draw a broad distinction between basalts, an ancient 
ind of lava, and granites, which are also an ancient kind of Uva, 
fof a ver/d/flerent one. Let us see what this Penmaenmawr stone is. 
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Ms a lava very similar in its essential composition to the lavas of 
modem times. Let us see wliat sort of appearance these roclts 
n«sent as seen in a photograpli, I have here two photographs 
rf Penmaenmawr, a place that probably many of you liave visited. 
3ne is a view from the north side, and the other a similar view 
!rom the soutii side, tlere you have Penmaenmawr as it appears 
ttom the south side. 

You observe that we have here a sloping plain. Now this plain 
consists chiefly of stratilied rocks of various kinds. But you notice 
hat Penmaenmawr is a huge rocky mass that rises up out of the 
lains — a huge boss. Now, let us see the other side of Penmaen- 
lawr. When viewed from the opposite side, it presents precisely 
he sitae features as before- Here you have Penmaenmawr as seen 
rom the village itself You observe that from this side, you again 
lave a large plain, made up of stratified rocks, with tlits immense 
JOSS of lava that has been forced through from below. The section 
! uu about to show yoti is from the very heart of a mountain 
sailed Mynydd-maior. It consists of substantially the same rocks 
IS PenmaenmawT, Now notice the stratified rocks. They have 
ieen thrown into almost vertical positions by the outburst of this 
ftVa. When the denuding currents have swept over that countiy — 
IS I have told you they have done, again and again, through 
totmttess ages — diey have removed all those portions of the rocks 
h«t wer3 softer than others ; they have yielded to the action of 
he water, whilst the harder rocks have resisted it. Now this lava 
King harder than the sti'atified rocks, has resisted that action; 
indi therefore, it stands out like a huge boss from the 
iunounding plain, precisely in the same way that we have seen 
hat Penmaenmawr stands out from the plain surrounding it, 
[t ia simply because this crystaline lava is very much haider than 
ho rocks arovmd it that it stands in this fashion ; it has resisted 
be denuding action ; the other rocks have yielded to that action. 
ten then we have a dear illustration of the nature of the rock 
If vhich Penmaenmawr consists, and which we are using to a 
■ciy consideiable extent for the purpose of paving the streets of 
Manchester. We will now leave Penmaenmawr, 

Let us next see what we have got in the Brown Clee Hills. Mr, 
Stott informs me that the Clee Ilills stone will serve our purpose 
wHer than the Penmaenmawr atone. He believes it to be a 
tttrdcr stone. But when we examine Ibc conditions under which 
t Bras formed, we discover that it is substanrially the same 
IWng we hare had before. Here you have a section of ihc Clee 
BSls. At the base we have a lintcstone, Bimilai to that which 



you have in Hie hilly districts of Derbyshire. Then _ .._ , 
here the millstone grit — that coarse grit — stone found m the 
hills behind Oldham and Rochdale. Then, at the upper par^ w< 
have a coal field, furnished with seams ol coal hke those that we 
find in this neighhouihood. But this red band ruaning up through 
the centre of the section, and overflowing riglit and left, is really 
lava, very similar to what we have sten at Peniuaenmawr, a 
crystaline basalt, which is spread out over a very considerable area, 
forming an extensive moorland district ; and it is from this 
district that this Clee Hill basalt is now being brou^t to 
Manchester. Thus we see tliat the phenomena attending the 
formatiou of this Clee HiU basalt are precisely the same in all 
essential features as those ihat have attended the formation of the 
basalts in Wales. 

We have now to look at the third stone, ^'ou are all more or 
less familiar with the name of granite, Granite has unquestion- 
ably been an ancient lava ; but it has been rather different 
from modern lavas in a variety of secondary circumstances, 
We see very clearly, first from its composition, and second 
from its microscopic structure, that it has not been formed under 
the same conditions as the ancient lavas with which we are 
familiar. The probability is that it has been formed vndei 
(;reater pressure. Whether that pressure has taken place deep hi 
the interior of the earth, or whether it has taken place, as some 
suppose, under a deep ocean, we have no means of knowing 
But there are many minor and secondary features about it wbiui 
indicate that the conditions which make granite different &om 
other stones, have resulted from an enormous pressure. But 
then we have two kinds of granite. Common granite is made 
up of three minerals, known by the respective names of quartz, 
mica, and felspar. But the particular variety which I hold in 
my hand, is that known by the name of syenite ; and it difi«7S 
from other granite inasmuch as the mica of ordinary granite is 
replaced by the crystals called hornblende. This is not a matter 
of any very great consequence to us, except for tiiis reason, that 
the hornblende being somewhat harder than mica, we may fairly 
expect that the syenite may give us a harder paving stone than 
the ordinary granite. ^Ve will see what this syenite is like when at 
home. Here is a section which exhibits to us the locality from 
which this syenite is obtained. In it we again observe that we have 
the stratified rocks thrown upon end. The fact is, these stratified 
rocks, in Wales, as else«'here, have been twisted and twinad 
about almost as easily as ^ou co\i.\d twist and twine abou: 






of doth OT brown paper. The forces with which nature 
has altered the conditions of these strata, have been so gigantic 
that any resistance these rocks could afford has amounted to very 
little indeed. This syenite, you observe, presents itself to us 
onder ptedseiy similar conditions to those we have seen in the 
case of basalt. It comes up from below, fillir.g a huge crack ; 
indif we examine the sides of tlie crack we shall discover that the 
beat of the fluid mass of syenite has altered the rocks, just as the 
basalts and other lavas altered the stratified rocks. 

now leave these " sets" and examine an alto- 
gether different branch of our subject. Wc must turn to 
ti>e ancient Manchester paving, and this brings us to the 
boulder stones. We have to lake into consideration two or 
thice circumstances in connection with these boulder stones. 
I am informed by Mr. Stott, tl.at in the olden time, when 
in the habit of importing boulder stones for all the 
streets of Manchester, they were chiefly brought from the 
L coast of Cumberland. If j-oii go to the sea coast, either 
Cumberland, or of any other land, you will'find that it is 
Iretiuently made up of rounded stones, anything but agreeable 
to walk uptm; almost worse, if possible, than the rounded stones 
■rith which your older streets are paved. You might be disposed to 
imagine that all these rounded boulder stones had tumbled down 
irom the cli'^fs above, and simply been rounded by the action of the 
irater, by the waves beating upon them year after year and century 
»fter century. And in the case of many of these boulders you 
trould undoubtedly be right in so surmising. I don't know much 
tboiit the Cumberland coast, but I could take j'ou to the York- 
ihire coast, about which 1 do know something, and could show 
^u there precisely similar phenomena to those which appear on 
JiC Cumberland coast; and we have every reason to suppose that 
he essential contUtions are pretty much the same in the two 
ocalities. When wc visit these coasts, whilst we discover a large 
lORiber of rounded stones derived from rocks forming the ad- 
ftcent cliffs, we also discover mixed up with them a very large 
lonther of stones that are not to be found /'/ silu, as we call it, 
hat is in their natural position, within miles from us. Here, 
hsfliwc clearly have to seek out some agent that has assisted the 
«u 'J'here has evidenUy been some other power at work that 
KU brought boulder stones lo thai Cumberland toast that «ere 
lot there originally, and that were not derived from the stcau 
•£ the adjoining cliffs. We fir.d (here granites and lavas, 
lad an endless \-ari-iv of other ifi-.ki that were iioi oit^».Ux 



derived from the Cumberland hills at all ; lliey have been Ii 

into that district and subsequently re-imported from that distiict to 

Manchester, Now whence have these other stones come? ItwiB 
simplify the matter, as the Irish song says " altogether entirely," 
if we call your attention to a Manchester brickfield. You nuijf 
ask, what on earth can a Manchester brickfiqjd have to do with 
Cumberland boulders and the paving of Manchester streeU^ 
More than you would imagine at first sight. If I take a walk with 
you to a Manchester brickfield, we shall discover tliat wc are 
most interested in precisely that part of the field that will be the 
greatest abomination to the brickmaker. The brickmaker lik«i 
the nice, smooth, soft clay, without any stones in it, ivhich to ths 
geologist is about as stupid a part of the field as he could have 
The geologist, on the other hand, likes to find a place that is full 
of gravel and sand, and huge boulder stones of every shape, and 
sort, and size — the very abomination of the brickmaker. I haw 
here certain boulder stones that were taken from a Maaehater 
brickfield. What have I in my hand ? A block of granite, whidi 
I carried painfully and laboriously one day from a brickfield in the 
neighbourhood of Ladybarn. It is a mass of granite, rounded Just 
like the rocks on the Cumberland coast. That granite has been 
transported from a considerable distance, because we have bo 
granites nearer than Cumberland. The nearest granite we have to 
this locality is that of Shap Fell, in Cumberland. The granite firom 
Shap Fell is a very remarkable granite, from the large crystals of flesh 
colour which distinguish it. I havehere,from this same brick-yard,a 
piece of Shap Fell granite. ^Vhy, I could swear to Oils piece of 
granite all the world over, as a man would sweai to tlie face of his 
own wife wherever he met with her. The features of it are so 
remarkable that you could not mistake it, if you knew what Shsp 
Fell granite was. Now this Shap Fell granite, rounded and water- 
worn, has been brought to a Manchester brick-yard. How has il 
got there? I have here another boulder. There is nothing p»> 
ticular about the appearance of this boulder, except that it it X 
piece oflimestone that never "grow'd"— if I may apply Topsj'a 
word— in the neighbourhood of Manchester. Il, like these other 
Stones, has been brought to Manchester from a rlistance. But il 
tells me another story. It has another talc to record. I see Uitt 
this surface is grooved, as if covered with the marks of a. file, I 
turn it round to the other side, and I see that it is filed and groovpl 
in like manner ; but these grooves are not parallel with the tomtt 
grooves. Here is a second flat face. It is very evident that in aOHK 
H^xbolb lAese faces have had a goo4 wit^A>\ft■cv^ that haj atoUikI 
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Brfng more than a mere washing of the face. I dare say we have 

keen reminisences of the sort of scrubbing we used to get from 
urse's hands with rough coarse towels ; but that is nothing 
oied with the scrubbing these stones must have had. 
i has been an action which has flattened that surface 
grooved it at the same time. We want some agency 
viU do all these things together. You Avii! remember that 

my friend Professor Huxley lectured here at the beginning 
s series of lectures, he pointed out to you in a very clear and 
inent manner, how absolutely necessary it was that any 
\f that was propounded to explain a raidtitude of phenomena 
d "go upon all fours;" that is, it must be equal to the 
nation of all the several isolated and detached facts that the 
t is intended to explain. Now we want a iheoiy that will 
in all these things. We want a theory that will mix together 

of all kinds, that will mix them up mth clays and with sands, 
dtli an endlessly varied set of materials. We want a theory 
m\\ make some of these rocks round and grooved and 
,ed. AVe want a theory that will explain why some rocks 
re transported are as angular and as sharp as this specimen, 
let to give you such a theory, I shall have to carry you half 
cross Europe. I will begin by taking you to Switjerland, 
' you have as pleasant a voyage thither to-night as I had 
months ago, I shall envy you the repetition of my enjoyment 
is a photograph I took in one of the loveliest scenes in all 
!rland. Here you have the Mer de Glace, that great stream 

which has been celebrated in almost all ages as one of the 
!st Spots in Switzerland. The Mer de Glace belongs to that 
Of iDoimtains of which the peak of Mont Blanc is the centre, 
; is only a few miles away from that great mountain. This 
ftder. What do we mean by that ? Those mountains which 
e on fill sides of the glacier are within the limits of perpetual 
I summer and winter, wherever there is a ledge upon which 
ow can rest, it remains iinmclted. This accumulation of the 
ifould in time entirely hide and bury the mountains, unless 

had provided some way for getting rid of the surplus. She has 
ed such a waj'. The pressure of the snowy mass on tlie upper 
forces the lower snow down into the ralieys. Then that 
partly under the inlluence of the intense cold, and partly 

the influence of the pressure to which the particles are 
ttd) bscomes re-fro^en, becomes consolidated, not into 
bat into a mass of solid ice ; and by a wonderful seri 
tti whieb my tim« will not allow me iq cxpUin, this icy 




flows down the valleys of these alpine mountains, fitting 
the various curves, to the widen ings and narrowings of these valleys, 
almost as if it were a fluid Indeed, so wond^ful lias been Iha 
peculiar power of the ice to adapt itself to the shape of (he 
valleys, that the late Professor James Forbes, of Edinbu^ 
arrived at the conclusion that ice, hard as it appears to be when 
you are skating over it, must have possessed a certain property of 
viseosit)', a certain kind of fluidity, which enabled it to adapt itself 
to the various contours of the valley. Professor Tyndal, however, 
has given us a better explanation. He shows us that this down> 
■ward steady movement is really accompanied by a crusliiug 
process, instantaneously followed in each atom by what he callt 
re-gelation, which means in plain English, freezing over ^ain. 
The point we have to deal with is not this re-gelation. We may 
take the movement of the glacier as an accepted fact. Thee 
glaciers move from the higher valleys into the lower ones at i 
very slow pace, but one which is capable of being measured. But 
what takes place as they do so? These magnificent mountain 
peaks, composed in this instance chiefly of granite, are bei^ 
continually disintegrated by the cold of winter, by the rain, 
storms, and various atmospheric agencies that affect the surface rf 
the globe. Huge fragments come tumbling down from above^ and 
of course these fragments fall from the ice. You will see running 
along here a band of rubbish that has fallen from above. You 
will see along here another band of rubbish that has fallen from 
above on the opposite side. The next photograph is one I took 
of the same spot, in the immediate neighbourhood of what is 
called the morcune, or, in other words, this band of rubbish. Here 
you have the mountain slopes that we descended. We crossed 
over these huge rocks. Here you see the ice-slope which we had to 
climb in order to get upon the glacier. You see here what kind 
of materials the moraine consists o£ The whole of this mass of 
rubbish is resting, not upon the ground, but upon the ice, 
so that, as the ice moves, it carries ail these rocks along 
with it, just as easily as you would carry your hat upon your 
head, and if it is one of the chimney-pot hats, I venture to say 
au enormous deal more easily ! This is what is called a lateral 
moraine, one running down each side of the glacier. There 
are other moraines. The nest photograph that I will show you is 
from another glacier in the Chamouny valley — another of the 
Mont Blanc glaciers— but it shows a different part of the glacier. 
This is a very instructive pictiure to those who have not visited tlw 
real scene. Here is the \o\vetm<Kl -past a{ the ice ; here i$ tbC' 



1 from which the water issues^ihere is always a torrent of 
irater rushing down —and liere we have what is colled the tenninal 
moraine. You will understand that when these masses of ice come 
jownfromthe cold valleysabove into the warm valleys below, the ice 
jccessaiil;!' melts. Were it otherwise, those splendid sceneswould 
>ecome simply one sheet of polar ice. It melts, but the stones 
:hat it carries wont melt ; consequently they have to stay there, 
fts the ice melts, these stones drop down ; and here you might 
ilmost imagine that you see them in the very act of dropping. 
rhese are stones that must have fallen almost the very day that 
E was there. Here is a glacier covered with ice ; here are all 
;he stones that form the moraine ; here is the melting ice breaking 
>fF in blocks ; and, as the ice breaks off and melts, the stones that 
>realL off with it tumble down as you see here. Now, you observe 
Jiat in this way we have brought down to the lower valleys 
mormous quantities of material that lately had their home on the 
leaks of the mountains and in tiic valleys above. In this way we 
ice that the glaciers not only receive from the mountains oo each 
ude immense masses of rock, but that they carry these masses of 
■ock along with them down to the lower valleys. There is no 
loubt whatever that a very large quantity of material that we now 
ind spread over the surface of the globe has been conveyed in 
Ills way. 

But this alone would not account for the phenomena of our 
Manchester brickfields. We want something more. We have 
ividence clear as the sun at noonday, that the material of which our 
Manchester brick fields, and the brick-clays over a great part of the 
vorld are similarly composed, have been brought thither by water. 
rhey have been deposited under water. We frequently find sea 
ihdb in them. We have the clearest evidence, I repeat, that 
hcse remains have been accumulated under the sea. UnlesB we 
:aii l>ring our glaciers in some way into contact with the ocean, our 
heory will not fulfil Professor Huxley's requisition— it wont "go 
ipon all fours," Let us see if we can find proof of that contact 

We will now transfer ourselves from Switzerland to Smith's Sound, 
u the Polar regions. Here is a drawing 1 hive copied from one 
)f Dr. Kane's sketches. Here )-ou have what is intended for the 
lea. If you saw it in daylight, it would be a proper sea green. 
Here you have the rocks and lofty elites that surround the part of 
Ihe country in which the phenomena I am about to eicplain exist. 
In the extreme winter these masses of ice extend right across tht 
iound, trom side to side. As the summer approaches, the cenlti 
cc breaks up speedily, and Roals away ; but long belts of it 
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Itfild their ground around tlie coast for a considerable part €f' 
vear, and sometimes they fail to break away from one season to 
soother. Now these blocks, or masses of ice, technically called 
" ice belts" — because they belt round the coast — ^receive masses 
of rock in precisely the same way as the glaciers did in Switzer- 
land; Thus we see that these blocks of ice would carry awaywith 
them blocks of stone, if any circumstances occurred to detach the 
ice from the land. The detachments take place perpetually, and 
they carry away with them these blocks floating upon theif surface. 
They flfe hugh ice-rafts, which sail southwards, impelled by Arctic 
currents. But this is not all. We have some glaciers ifi 
these polar regions, of precisely the same nature as ihase 
of Switzerland ; but, instead of the polar glaciers being com- 
paratively diminutive^a quarter, or half a mile across — the great 
Humboldt glacier is 50 miles across, from one side to the ouier, 
and yet that Humboldt glacier, which comes right down into the 
sea, is bringinj^ stones along with it in precisely the satnB 
way as the other glaciers. Now, with such prodigious masses ol 
stone-covered ice as this existing in the northern seas, you wJII 
not wonder that from time to time icebergs of the moat gigantic 
siie are met with, floating out of those northern baj-s and straitft 
Remember tliat what are called icebeigs are merely cither Qag- 
ments of this belt of ice of these Arctic gladers broken awfty, of 
portions of that huge mass of ice which in winter covera tha 
whole of those regions — when yoU see that these ice formations 
exist on so gigantic a scale, you will not wonder that icebergs are 
met ivith in these seas, sometimes a mile in extent If you 
realise that, when yoti have an iceberg of this size, it floats with lis 
summits two hundred or three hundred feel aboVe the sea, BStl 
that it sinks below the water, some sis or eight times its 
elevation, I think you will readily understand how that floatlljg 
raft would be able to carry a very considerable slice of Pefinura- 
niawr upon its surface I I have here a picture of one of these 
Hoating rafts copied from Dr. Kane's book. I have repreSeitteil 
it as well as 1 could. Here you have the ice, which has upon its 
surface huge blocks of solid rock. This was sketched by Dd 
Kane as he saw (l floating away into the southern regions. It 
is an exaggerated example; we do not usually see the rocks Ba 
huge in proportion to the size of the raft, but it will give yoii 
on idea of the kind of transporting power that these ice rails havo. 

Now let us see how all this applies to English sccHt^. 

" ve toM ym that the glacier moves steadily down OA 
You savt from the dia^am to.V ftie $wiw \s cut Up by 



Pftmures, called crevasses, that go down frequently to its vefjf 
jtn. The stones that appear upon the surface of the glaci^ 
nio these crevasses, and at the bottom they become entangled 
>nsiderable numbers in the solid ice. Many of them are an^^ 
r. But you will also understand that if that vast mass of ice, 
1 with stones, is moving steadily downward over llie rocks of 
h that valley consists, those stones will act like the teeth 
huge rasp ; that they will plough, just in proportion to their 
and sharpness and hardness, deep grooves in the rocks along 
h the ice is travelhng. The stones themselves, being imbedded 
y in the ice, will scratch and scour over the rocks over 
h they move ; and this is precisely what we find that they da 
etimes the ice retreats, leaving behind the smooth and polished 
s, over which it formerly travelled; the changes of the seasons 
lently lead to its doing so; the glaciers not unfreqiiently 
le up the valleys in hot seasons and come down again in 
ones. When the ice recedes we see that the rocks are scored 
grooved and polished in the way we should expect them to be^ 
if they receive this rough sort of treatment, what might wo 
ct to be the result upon the teeth of the rasp ? Workmen 
t perfectly well that when they use their files upon hard 
,t die angles get worn oil. It has been so here. We >-ou!d 
iljr understand that if this stone was embedded in the 
md formed one the teeth of our great Arctic rasp, that its 
CC might well be flattened and grooved with longitu- 
I grooves. Here, then, we have an agent capable of producing 
/CB. Then, if these icebergs float upon the ocean, carrying 
! with them, they will travel southwards, carried by current^ 
as they come into warmer regions, they will share the fate of 
Upine glacier. Floating upon the sea does not save them ( 
melt little by little, and as they melt the rubbish that they are 
ordng falls to the ground. The fact is, ivehave here a grand 
c Limited Liability Carriage Company I and it is one in which 
labilities, in a financial sense, are at a minimum and exceed 
small, whilst the transpordng power is at its maximum, or 
sdingly great. If we were shareholders in a limited liability 
)BBy, these would be just the results that we should like to 
) to if we could. Inasmuch as the floating rafts cost nothing, 
jfno consequence to Uie company diat they melt, and that 
ever they carry goes to the sea bottom If they were 
ing our trunks from the Arctic regions, we should find out 
U&rence between tiiem and a good old wooden ship. But 
melt, aud nliatever they sustAui, tiunVia « %^q;a.%%, %anh ^i^ 






the bollotn. The result is that large portiobs of llie sea 
are being strewed over with blocks of stones — angular blQcks, 
rounrted blocks, sand, rubbish ; every conceivable kind of produce 
that those northern mountains fiimish is being gradually brought 
southward, and scattered over the bed of the Atlantic at the 
present day. And precisely similar phenomena were taking 
place during one of the latest of the geological periods when 
nearly the whole of our island was under the sea. There was 
a time, comparatively recent, geologically speaking, when our 
island was undei the sea, but when the mountains of Wales and 
Scotland stood out like islets from the Arctic ocean. The great 
valleys of Snowdon were filled with these gladers. If you go 
up the Pass of Llanberis, you will see on every hand the indica- 
tions of the fact in the rounded rocks, and in their scored surfaces, 
that abound on each side of the road A little above the village 
you see them beautifully exhibited ; and in the same way, through- 
out in the district of which Snowdon is the centre, you have these 
indications of glacial action so numerous and so clear, that not a 
shadow of a doubt remains that the Snowdonian valleys, as well as 
the valleys of Cumberland and Scotland were, at the time of which 
I am speaking, filled with ice glaciers. Now all these glacieis — 
along with others coming from hundreds not to say thousands of 
miles away, as well as from mountains in the immediate neigh- 
bourhood — brought their produce to the same bed of the 
ocean, and as it was all tumbled down into one common mass, 
you find materials in the shape of mud and sand as well as 
coarser materials, including both rounded and angular blocks, 
accumulated in the same sea bed. Now I think you will see that I 
have brought before you an explanation that fully accounts for 
the miscellaneous kind of admixtures that you find amongst the 
sand, and clay, and gravel beds whether of a Manchester brickfield 
or of the coasts of Cumberland and Yorkshire. 

Ladies and gentlemen, I have now finished my task. I 
have endeavoured, I trust not altogether unsuccessfiiily, to 
show you that in the natural world there are no objects, however 
common and familiar, that cannot reveal an interesting story, if we 
are but intelligent enough to question nature in a right manner. 
Many of you are occupied with manufacturing pursuits, and, from 
tune to time, your workshops receive the visits of strangers, who 
look with intelligent interest upon the processes in which you are 
engaged, and upon the final products of your labours. I invite 
3«, in like manner, to visit nature's workshop. She, too, b a 
hw'l^bourer with yoursdvca ■, oftl^, u-n%ft ■jQ'i^ 9fes needs oq 



but works on, witli untiring energy, dayaiid night, summer lU 
winter. Slie usually toils so noiselessly that few men know the 
vastness of the forces at her command. When wc float idly upon 
a summer sea, or recline in some sheltered nook, watching the 
tranquil glories of a July sunsel, we reck little of the fearful 
eno^ies thai underlie the present calm. It is only when Nature 
rouses herself, like some angry lion, that men recognise her 
terrific powers. It is when the reehng earth is shaken by the 
earthquake, and cities crumble into dusE ; when the volcano 
belches forth its showers of ashes and streams of liquid fire, 
hiding the prostrated ruins from tJie eyes of men ; when the 
dashing lightnings and the grand roll of the thunder inspire the 
stoutest hearts with wonder not unmixed with awe; when the 
stormy ocean and the Hooded river inundate the land, tossing 
man's proudest works, like p^aytJiings, from their surface, and 
hurling them to destniction, then it is that we learn something of 
Nature's power. Yet these forces, at times so terrible, are 
ever working out their Divine Creator's will and ministering to 
human \i-ants. Study them and they will interest you ; examine 
their products and they will repay you. You will then recognise 
the truth of the words which our greatest dramatist puts into the 
mouth of his banished duke, when he declares that there are 

TonjiiM in troca, beiokaln thaninninibrooV 
Sormoas in atones, and good in eicrjlhlng. 

On ihe motion of Mr. John Pj-ant, F.G.S., thanks were g 
to Professor Williamson for his interesting lecture. 
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fEKATUUE AND LTFB OF THE DEEP SEA. 



A LECTURE 



IpR. W. 



CARPENTER, 



IiRPENTER, on being introduced by the Ciiairman, said : — 
and gentlemen, until a recent period the bottom of the deep 
has been — if I may make use of an Irish "bull" — an unknown 
land to us, for tlie means of research into its condition were very 
unsatisfactory. For example, in the first place, with regard lo 
temperature, if we let down a self-registering thermometer, which 
should give the lowest or the highest temperature which is there 
encomitered, there is this source of error in the indications of the 
thermometer— that the enormous pressure of the water upon the 
glass bulb will very probably so alter the shape of the bulb as lo 
force up the mercury in the tube. Now it has only been recently. 
through the ingenious contrivance of my late excellent friend. Pro 
feasor Miller, of King's College, that this ditSculty has been over- 
come. We found on putting thermometers of ordinary construction 
into the machine which is well known lo many of you — a Bramah 
Press (I don'l mean between the boards of the Bramah Press and 
squeezing them between two solid masses) — but putting them into 
Ibft water chamber of an instrument constructed on the principles 
4f die Bramah Press, with a powerful force pimip that should sub- 
ject these thermometers to pressure of any amount up to three tons 
10 the square inch — we found that the very best thermometers 
that had been previously relied upon were raised from eight to len 
degrees by the pressure of the water forced in ; and we found that 
Inferior iliennomelers, such as had been used in many deep sea 
Kiundings on former occasions, were raised from twenty to fifty 
degrees. So that you see there is no reliance to be placed upon 
any previous deep sea soundings as to temperature, except in this, 
that we know that the error of their thermometers could not have 
been his than a. certain amount For instance, when Sir James 
Ross and his companions- carried on their dee? aiiiiwi\3Mg. v\ vfc* 




Southern seas, and found, as they very often did, at a St _ 
from 1,500 to 2,000 fathoms, that their thermometers indicated a 
temperature of 39 or 40 degrees, we know now that the smallest 
error of their thermometers being eight degrees at llial depth, the 
Inie temperature could not have been higher than about 31 
degrees — ^that is about the freezing point of water. Now the 
means which Professor Miller suggested for overcoming this diffi- 
culty were extremely simple. It was mereiy to enclose the bulb 
of the thermometer in an outer bulb, sealed round the neck, a 
space being left between the two bulbs. Now that space was not 
left entirely empty; il was about three parts filled with fluid. You 
may ast, Why was the fluid introduced there? For this reason, — 
if only air had been left in that space, the inner bulb would have 
been a very long time in taking the temperature of tlie water 
round the outer bulb ; and the air being a bad conductor it would 
have been necessary to allow the thermometer to remain perhaps 
an hour before the mercury or spirit of the inner bulb would have 
taken the temperature of the water outside; but by introdudng 
between the bulbs some spirit, that spirit conveyed the heat or 
the cold from the outer to the inner. Still it was not filled with 
the spirit, because if it had been filled the pressure upon the outer 
bulb, and its consequent change of form, wotdd htfve acted in the 
same manner upon the inner bulb ; but there was a void space left, 
and therefore the changing of the form of the outer bulb by the 
extreme pressure produced no alteration in the shape of the inner 
bulb. We subjected thermometers, which we thus protected, to 
the pressure of three tons to the square inch ; and we found 
that they did not rise more tlian about one degree, and tliat small 
rise was really due, we have reason to believe, to the increase of 
heat in the liquid occasioned by the pressure to which it was 
subjected. That is the mode in which the thermometer has been 
adapted to the purpose of obtaining the temperature of the deepest 
ocean waters ; and I shall show you what very important infor- 
mation we have derived from its use. 

The pressure which is caused by a column of water of course 
varies with the height of the column — that is to say, with the 
depth of the water ; and in round numbers we may say that at 
800 fathoms — a fathom you know is six feet — the pressure of si 
column of water is one ton upon every square inch ; therefore, 
at 3,400 fathoms, — which was about the greatest depth to which 
our soundings extended (and I may just remark, in passing, that 
/ay friend Sir Wm. Fairbairn has a little under-estimated the 
work that we did, for we not Qi^iVy soundi:*! but dredged at nearlj 
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■e miles depth — 2,435 ialhonis) — at tiiat depth the pressure 
is just three tons to tlie square inch, and that is just the pressure 
lo which our thermometers had been tested. Therefore we know 
diat we had within a degree {wc ahvays used two Ihemiometers) 
the real temperature of llie bottom of tlie ocean. Now I shall 
show you what very curious and important information we derived 
Jrom ascertaining the temperature, not only of the bottom of the 
ocean at different depths, but also of different portions of the 
column of water in going down to the bottom ; — this we ascer- 
tained by letting down our thermometers to a certain depth, not 
letting them go to the bottom, and then taking tliem up : then 
letting them down to a greater depth ; and so on. In that 
manner we got what I term " serial soundings"— that is, a series 
of temperatures of different depths in the same spot; and those 
corresponded veryclosely indeed with the bottom temperatures that 
we got at like varying depths. As a rule, the lowest temperature 
was always the bottom temperature. I shall presently explain to 
you how this comes to pass. 

Our first expedition was a very short one. We had very bad 
ireather in a very stormy region, between the North of Scotland 
and the Faroe Islands, and we were not able to make many 
soundings or many dredgings ; and yet, by a piece of extraordinary 
good fortune, the temperatures of the soundings that we obtained 
were more curious than any we have obtained since; and they 
suggested to me a general doctrine in regard to oceanic circulation 
that all our subsequent researches have tended to confirm. The 
general facts of tlie case you will see by this map and the table 
by tiie side of it. Here is the North point of Scotland, the 
tSrltTiey Islands, and Stomoway, the little port of the Hebrides, 
from which we started. Here are the Faroe Islands. This dotted 
line is what is called the "hundred fathom line,"— that is the line 
whicli bounds that curious platform, so lo speak, of which the 
British Islands constitute the highest part. All around our 
islands, uniting Great Britain and Ireland, uniting also the 
Shetland Islands and the Orkneys, the Isle of Man and the Isle 
of Wight, uniting the British Islands with the Continent of Europe, 
is a platform of not more than 100 fathoms below the surface. It 
there were an elevation of 600 feet. Great Britain and all these 
islands would be jomed to the coast of Holland, Belgium, 
Norway, Denmark, and France ; there would be no British 
Channel, or Irish Channel, or North Sea, for nowhere does the 
depth of water in those parts extend to more than 100 fathoms. 
But wlicn we get outside this, the wat«t deepens vwi( iB-^idl-^. l:"<i\ 
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instance, here, lictween the North of Scotlnna and tceUnd are the 
Faroe Islands; and that dotted line aroujd them represents 
shallow water, which is under loo falboms. Now between this 
and the Shetland Islands is a deep channel of about 600 fathoms, 
which is a depth nearly equal to the height of Snowdon. Our 
soundings in die first expedition were made along this line, whae 
we found, as you will see by the table, very low temperature^ 
such as 33, 32.2, and 32 degrees. But at the like depth in another 
[lart of this channel, the soundings, as marked in the upper put 
of the table, show a temperature of 45 to 48 degrees. Here WW 
a very marked and curious contrast ; for within a short diEtancc 
of each other, in one instance only 20 miles apart, we found 
two very different climates at the same depth. 

Now the existence of these two very different dimata 
showed itself, when we carefully worked it out afterwards, tn two 
vety distinct kbds of animal life, and two very distinct kinds Ol 
deposit on the bottom of tlie ocean. I will now show how our 
next year's work in the same region filled up and completed tliq 
inquiry, and gave us some vety curious points in addition. Yon 
may imagine with what interest we went over this ground agtbb 
provided with our superior thermometers; for the first yen^ 
work was done with the old thermometers, only the depths vtH 
not so great as seriously to interfere with their performance ; an^ 
you will observe that whether those thermometers had been in 
error or not {and we did not know till we tried) at 500 fathonti. 
the same effect would be produced in raising the mercury at 564 
fathoms, whether it was in a hot or cold area; so that at 
difftraictQ^ the warm and the cold — between about 331 and ^ 
degrees — ^would be just the same. If tliese thermometers were f 
couple or three degrees too high — which they proved to be— (Jnfl 
we found that the temperature of the first year, which was jA 
became 30, and that which had been 4S was really 48. M 
the difference of 16 degrees was exactly the same; and vt 
that was perfectly verified in the very careful and vjtf 
numerous and elaborate inquiries which we prosecuted over At 
area the next year. Again, we took what I have caOtl 
"serial soundings;" that is, we let down our therraomelcis (I 
different depths, for instance at 50 fathoms, then at 100, then >| 
»5o, then 200, then 25°! ^nd so on every go fathoms; and tta 
results we got are shown in this diagram, which is so construetM 
that a curve indicates the descent of the thermometer, and thf 
depths are expressed by the horiiontat figures, which run &om 5* 
to 100, 1^0, &c., marking eveijf S'l i3.'^'a». 



ull this area, whether warm or cold at the bottom, we 
bund Dearly the same surface temperature— a very curious fact. 
If we went north it n-as a little less, and if south a little more ; but 
ibout 52 degrees was the average. We found that in all parts of 
hb area the descent through the lowering of t!ie thermometer in 
tte first ijo fathoms was the same ; and in the warm area when we 
pt below 150 fathoms there was very little more lowering of 
Be temperature. You see that the line in IheKW^-wirriWcontinucs 
leatly horizontal rill we pass about 500 fathoms ; but from 150 to 
hoat $00 fathoms there was very little lowering of the temper.l- 
Ure, and we only got it reduced from 52 at the surface to about 
15 at 500 or 600 fathoms. But now see wh^it takes place in the 
vidarM. This upper line, which at 100 fathoms is but a little 
elow the other, begins to drop rapidly, so that at 200 fathoms it 
i very decidedly belowj and then it goes down still more rapidly, 
b that within 100 fathoms it dropped about ig degrees ; and all 
be water in that particular sounding below 30a fathoms was of a 
irtiperature below the freezing point of fresh water. The bolK 
l3S there struck nt 3S4 fathoms; but in another part we g< 
luch deeper sounding, down to C40 fathoms, which was ta 
t a point a good deal north : there the surface temperai 
JWtred to between 49 and 50 degrees; it went down much 
Je same manner as in the other, until it got to 350 fathoms, which 
Us below the freezing point of fresh water, and from that point to 
\t bottom, (640 fathoms) was a river, so to speak, of cold water 
Wrly 3,000 feet deep — below the freezing point of fresh water, 
toW that was the very curious fact which our investigations of this 
hannel between the Faroe Islands and Orkney and SheUand 
hjught to our knowledge. That channel I have been accustomed 
► designate the "Lightning Channel," "Lightning" being the name 
fthe vessel assigned to us in our first expedition, Ihat distri- 
tltion of temperature is indicated on this map. This blue colour 
kitesents this cold stream, which could have come from nowhei 
» the Polar regions ; it must have come straight into this channi 
Dm the Polar area. But you must bear in mind that though 
lue colour represents the vralcr at the bottom, yet the water at 
hper stratum of the surface, — that is, for about 1 50 fathoms — 
[esactly the same temperature as the water of the other regii 
'ound, and that temperature was higher than what may be call) 
ic natural temperature of the climate. And thus whilst we h( 
lU deep stream of water flowing from the Pole (and we Bht 
•esenily see what becomes of it) — flowing south-west from tht 
plar area, we had another Biruam ptoc«t<to\% tv-w^pift*. ^ 
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warmer water — water warmer tlian ihe nalitral water, so 
of the laiitude, wiiich would have been about 40, and ihis watet 
had a. temperature of 45 or 46 degrees, down to 500 fathoms, and 
at the surface 52 degrees. 

Now, then, what is the meaning of this ? When I speak of a 
"stream" and "fioiving," you must understand that there is 
nothing like a visible movement I say that this stream must be 
flowing, because if it were not flowing, it could not retain its 
temperature; it would soon give up its warmth to the water above. 
It is quite a physical necessity that it should be iu movemenl; 
and of course if it is iu motion it could only have come from the 
Polar area to have brought this cold temperature with it, for at the 
bottom it was about 29? degrees. You are aware that 32 Aegnes 
is the freezing point of tresh water ; but it is not the freezing point 
of salt water. Sea water freezes at about 27; if it is kept voy 
still it will not freeze till 25 ; and there is a most important 
difference in the condition of sea ^vzler and fresh water as regards 
temperature below 40 degrees. You all know perfectly well that 
when such a frost as we have had lately acts upon the surface of i 
lake, river, or pond, the water freezes on the surface ; and if you 
put down a thermometer into the water below, you will find thai 
it is about 39 or 40 degrees. Now, why is this? You know that 
the ordinary rule of the contraction of water is that it shrinks, 
just like the mercury in a thermometer, with cold, and expands 
with heat, As it shrinks It becomes denser, and therefore heavier, 
bulk for bulk ; consequently when a low atmospheric temperature 
is acting upon the surface of a pond or lake, the water as it is 
cooled at the surface becomes heavier and goes tlo>vn. So it 
keeps on going down, -and fresh and warmer water, which is 
lighter, comes up to the surface, till the whole is cooled down to 
about 39J degrees; but then continued cold does not produca 
the same effect, for below 39J the water begins to expand 
again — (fresh water I am speaking of} — the greater cold makes 
it lighter instead of heavier; consequently the water which is 
cooled to below 39J degrees remains on the surface, and it U 
exposed longer and longer to the action of the cold atmosphere 
of the surface until it freezes and forms a layer of ice. Now 
that is not the case with sea water. Sea water continues to 
contract down to its freezing point ; Ihe more it is cooled the 
heavier it becomes, because its bulk diminishes ; it therefore sinks 
in proportion to its degree of coldness ; and in this manner il is 
/Aat the coldest water always comes to be at the bottom. There 
»a rery curious conseciuence oC X^is, tot '\t.» s.-se^i known fact 



ll ice ID sea water begins to form at the bottom. I do not say 
tJways does, because where ice is once fonned on the surface it 
1 extend from the edge of the previous formation ; but it is a 
t observed by Arctic voyagers, and perfectly well known to 
Itic fishermen, that when the season is first changing, and ice is 
9Ut to form, in the first instance it comes up in litde discs or 
lies from die bottom. The fisherman in the Baltic or in Nor- 
gian Fiords, when he sees these little discs (when out in his 
It some distance from land) coming up from the bottom like so 
jjy jelly fish, to Hoat on the surface, makes for land directly, 
he knows that if he remains he might be frozen up in the 
use of a few hours. Now that is a very curious difference 
iween salt water and fresh. 

This has a most important relation to the doctrine of submarine 
nate. I have shown you here a sort of little compact pocket 
tion of a set of phenomena which, as I am now going to show 
I, prevails over, I believe, the whole of our great oceans. In 
; soundings a few months ago on tlie coast of Spain and 
rtugal, we came upon this fact — the surface temperature was 
y high, about 65 degrees; in the first 100 fathoms we lost 
nit 10 degrees of this, what we may call the super-heatmgofthe 
face, produced by the powerful rays of the midsummer siui. 
en the temperature from a depth of 100 fathoms down to 800 
'cred very slowly, just as it does in the warm area ; so that at 

> iathoms it only got down to 49 degrees. But in the next 

> fathoms, between Soo and 1,000, thae was a loss of 
agrees; the temperature had fallen to 40; in another 100 more 
ell another degree ; and over tJie deeper soundings which we 
k in the previous year, extending down to nearly three miles — 
t is 3,435 fathoms, a depth about equal to the height of Mont 
DC — we got a temperature as low as 35 or 36 ; and still lower 
iperatures have been obtained elsewhere, even under the 
lator. Thus a temperamre of about that was obtained three 
rs ago in the Arabian Gulf, when soundings were being taken 
paratory to laying the cable connecting the Red Sea, Aden, 

1 Bombay. Here, then, you see we have in our great oceans 
jndition just comparable with that which I have shown we 
: with in the Lightning Channel ; first we have a great body of J^ 
m water, then we have what I have designated a stratum c 
IT of intermixture, a stratum between the great mass of n 
er above, and tlje great mass of cold water beneath, nearly d 
wuing point Near the Pole it is quite down to freezing point J 
wli?ii it 19 nearer the Equator, where it has had a longi 



way to flow from the Pole, it irill have aoHitfCd a ceittifl 
degree of warmth ; but still yon see, to find a tempetature 
of 35 or 36 degrees under the Equator, shows cleatiy Hut 
that water must have come from either one of liic Poles. 
Nowleltis bquirewhal account can he given of thisretnarktible 
phenomenon. Here we have in the deep oceanic basiiis Ihit 
layer of water extending more than a mile deep'^waicr 
which has been obviously derived from tlie Polar area, Wllit 
account can we give of it? Hoiv does it come to bo there? 
and how does it come to retain its low temperature ? Noir I 
think it may be said with perfect certainty that it could not 
retain its low temperature, unless it was continually supplied bem 
the Polar area. I will show you how this supply takei plaee 
Here, for instance, in Uiis Lightning Channel, we found that we 
could distinctly trace it along near to the corner of the Faroe Bankij. 
and though wc had not the means (I hope we may at some fatiUe. 
time have the means) of measuring its movement, yet by theuaturt 
of the bottom we felt perfectly sure that it was a running stream^ 
for the pebbles there instead of being angular were round^-tliat 
you know is a most clear and distinct proof. Well, then, we ham 
every reason to believe that it ran on and discharged itself into Ha 
great Atlantic basin. About roo miles to the westward of this, 
there was a deep slope, going down to 1,500 or a,uoo fathoms 1. 
and this was one of the feeders, so to speak, of this great mass of 
Polar water in the Atlantic basin. Then between the PaKi 
Islands and Iceland there is a shallow bank ; but betwees 
Iceland and Greenland again there is a wide and deep 
channel, through which a very large mass of Polar water will 
thus come down. Now water cannot be always tlowing out 
of the Polar basin without water from some other source 
flowing into it ; and it is perfectly certain that if there is a circUIft- 
tion of water in this great oceanic basin, that circulation must be 
maintained by a constant movement of surface water towards the 
Pole. 'While the deeper water is coming Jrorn the Pole, tiiwe 
must be surface water going towards the Pole. You have all 
heard of the Gulf Stream. There is a great mass of water tssutl^ 
from the channel between the peninsula of Florida and the 
Bahama Islands, which is flowing in a north-easterly directioiL 
Tiiat very powerful current, issuing from that narrow channel^ 
flows at the rate of five miles an hour in a north-easterly direc- 
tion, first towards the banks of Newfoundland and the Axores ; and 
fhen it is popularly believed to flow on towards the northern coast 
V^fUiG British Islesj and thence lo S^ki^aer^a'^, Iwlsuid, uiil tvea 



Zembla. Now I have every reason to believe, from careful 
inquiries lately made, that this Gulf Stream really has not much lo 
ilo with the phenomena of which I have been telling you, and 
that its influence pretty much ceases not far to the eastward of the 
bonks of Newfoundland. The Gulf Stream is part of the 
/Urisonfai circulation in the North Atlantic. Now, I think you 
vfill cMily understand the diiference between a horizontal drcu- 
latioti and a vertical circulation. Look at the wind ruffling the 
surface of a pond. Well, the wind blows the water in a particular 
direction, and produces little ripples. If it blows away the water, of 
course water must come in to 611 up its place from the other part 
of the pond. That is a horizontal circulation ; and that horiiontal 
circulation in the Atlantic is produced in this way. The trada 
winds are always blowing between the tropics from east to west; 
th^ move along an enormous mass of water, driving it into the 
Gnlf of Mexico; it circulates there, and is excessively heated by 
die action of the sun, and comes out from this channel in the 
way I have spoken of, as a rapid current pas»ng in a north- 
euterly direction. But that rapid current I have strong reason to 
believe is not a deep current ; I believe it is not more than a 
surfece current, and lliat the heat it carries has been very much 
over-estimated. About half of it, when it comes to the Azores, or 
Western Islands, turns round again, goes near the African coast, 
and returns into the Equatorial current, completing therefore that 
circulation I have spoken of. The other half goes on past Uie 
banks of Newfoundiand j there it meets the surface of the Arctic 
stream, and breaks it up or " inter-digitates" with it — this word 
cxpresaing an action like that of passmg one set of fingers through 
another, 1 admit that a portion of the Gulf Stream goes north, 
but the greatest part is stopped and cooled by this Polar current 
coming down. It is kno^-n that the Polar water lies undemeatli 
the Gulf Stream, for if }-ou send the thermometer sufficiently deej) 
you wilt find the Polar water running beneath this extraordinary 
surface current. 

I h«ve adverted to the Guif Stream, because I want ta 
show the important influence of this upper movement of warm 
water, of which I have spoken, which is quite independent 
of the Gulf Stream. Suppose that the narrow peninsula of 
Mexico, or the narrowest part of it, which is the Isthmus of 
Pkruuna, tliat connects North and South America, were broken 
lltrou^t^whtch it nill be in course of £^es by the action of the 
s4p*-4(t that there was a fVee course given to this Equatorial 
cumot; it would go rig":' vhrouijtv mw tV* ^w.\£.'i <i«5asi^ 



»nd we should have no Gulf Siream at all. Even 6t As 
case I believe our climate would not suffer so much as most 
persons believe ; because though we should lose a 1ai:ge por- 
tion of our warm south westerly winds, this constant flow ol 
warm water which is taking place in the whole mass of the 
North Atlantic, from the southerly area directly towards the 
north and north-east, will supply its place ; and I am very stronf^y 
convinced that the amelioration of the climate of the Polar 
area is due, not so much as is commonly supposed, and 
quite recently very ably argued — to the Gulf Stream, but to this 
great mass of water moving northwards in this slow and uuifotm 
progression, carrying a tcmperalure which, taken altogether, is very 
much greater than that of the Gulf Stream. For the last we know 
definitely of the Gulf Stream shows that it is thinned olf to a 
layer of certainly not more than 50 fathoms, and perhaps less, and 
reduced to a temperature of about 55 degrees ; whereas this great 
slowly-moving mass of water carries a temperature higher than the 
temperature of the latitude down to 500 or 600 fathoms dqjth; 
and as l!ie surface is cooled, warm water from below will come up 
to take its place ; and in this manner will carry into the Polar 
area a great body of heat, so to speak, derived from the general 
surface of the temperate and tropical oceans. And this I believe 
has taken place in all geological periods, quite irrespective of any 
such local accidents as those that produce the Gulf Stream. 
There must have been in all Geological periods a movement of 
this warmer water from the Equatorial towards the Polar area, and 
conversely {and this is most important geolo^cally) a movement 
of cold water in the depths of the oceanic basms, bringing with it, 
as I shall presently explain, the characteristic animals of tlic 
Polar climate. 

But yon nill ask, and very properly, " What evidence have you 
of this movement?" and ''What produces lliis movement?" 
Now, the evidence of the movement I have given you. "ITie 
evidence of the movement is in the fact that cold water could 
not remain cold water at the bottom of these oceanic basiRS, 
if the supply were not kept up from those cold baans 
at the Poles. I will give you an illustration. We were at 
work this last summer in the Mediterranean, and we found the 
condition of the Mediterranean most curiously different in regard 
!o temperature from the condition of the .\tlanric. The MwUtcr- 
vanean is a basin which, to use a Scotch word, is " self-contained." 
(You know that houses m Scotland are usually built in "flats," 
irhkh are oceugur^ b/ iiffetetit knuViW, a.ui^ " ^tlE-contained " 



is complete in itself. I daresay that many of my auditors 
ne Scotch, like our respected ch^rman, and will understand what 
■ "self-contained" house means.) Well, the Mediterranean is a 
** self-contained " basin ; it is shut in entirely, the Strait of 
Gibraltar being its only coramunicalion with the outside ; and 
thAt Strait is so shallow at its outlet that no comraurticalioii 
between the deep water of the Mediterranean and ihe Atlantic 
can possibly take place. The Mediteranean goes down in some 
parts to a deplli of 2,000 fathoms ; we ourselves sounded to above 
1,700, that is from about 11,000 to t2,ooo feet. Well, we found 
the surlace very hot ; we were there in August and September ; 
the temperature of the surface of the sea rose to 78 degrees 
in sotne instances. But very curiously that hot temperature 
was limited to a very shallow layer indeed ; we lost lo 
or 15 degrees of that heat in 30 fathoms; at a depth of 30 
fathoms we found the temperature perhaps 63 or sometimes as 
low as 60 degrees. Then a further loss of temperature would be 
experienced in going down to 100 fathoms. At that depth w? 
came almost invariably to 54 or 55 degrees; and whatever was 
tfie temperature at 100 fathoms, that it was down to the very bot- 
tom ; depth there made no difference at all ; if it was 55 degrees 
at 100 fathoms it would be 55 at 1,700 fathoms ; and if it ivas 56 
degrees at 100 fathoms it would be the same at the greatest depth. 
There was a little difference in different parts of the area, which 
can be explained by local causes ; but, as a rule, whatever the tem- 
perature was at 100 fathoms, that it was at the bottom. Now how 
IS it that there is this difference between the Mediterranean and 
the Atlantic? — in a basin of very great depib, like the Mediter- 
ranean, why should the temperature be thus curiously uaifomt ? 
Why, just simply because it is entirely cut off from this general 
oceanic circulation, and it takes tlie temperature of the crust of 
the earth at that particular part. I will give you some curious 
evidence that it is the temperature of die crust of the earth. 
'rheimomeCers buried dee|i in the soil in central Europe are found 
lo vary very little indeed during the different seasons. Buried at 
about 10 or 30 feet from the surface, they aic not at that depth 
deep enough to be influenced by what is called the " internal heat 
of the earth," which you experience when you go down into a deep 
eoal-pit, for instance, or which shows itself in the hot water from 
very deep springs ; and at that depth they are covered with a 
lajrer of earth which is a sufficiendy bad conductor to prevent 
lh«ir bring much influenced by seasonal changes ; they therefore 
take the permanent temperature of the crust ot the earth, and th4t 



fVMMiantnt temiwMlnre in r^ntial Kitrope is foBnd 1» be a' 

5?, Or 5.J degrees. Now 1 found lliat there was a cave in a |inl« 
island *hich we visited between Sicily and the coast of Abic^ 
■which has the reputation of being " icy cold." I was very aaxieus 
to visit it, but circumstances did not allow of our doing so j bow- 
ever, t had afterwards the opportunity of learning that the tempera- 
ture of the cave is 54 degrees. Then a MaJtese gentleman, the 
collector of customs at Valeita, a very intelligent and weli-lnfomied 
inaO, told mc that it is the custom among the natiTCS there tg let 
down their wine to cool it in the deep tanks which they had 
excaV&led in the rock. All the rain in Malta falls during two or 
thtee tnoftths of the year, and for fresh water the inhabitants are 
almost entirely dependent upon that which they store up. There- 
fore every house has its tank excavated in the soft rock of this 
island ; and these tanks aic covered over, and very sfien lie under 
the houses, so that the sun has little action upon thera. I asked 
him if he happened to know the temperatnre of these deep taniii, 
and he said, " Ves, it is 54 degrees." So you see we have several 
pittea of confirmatory evidence showing us that the bottom of the 
Mediterranean takes exactly the temperature of the crust of tti« 
earth at the botiom. If it were not for this movement of 
the water of our great oceanic basins, the bottom of the 
Atlantic would be 55 degrees, just the same as the Mediterranean 
ivithin the Strait of Gibraltar. But see what we get a little outside 
that basin. On the coast of Spain, only 100 or aoo miles from 
Gibraltar, we found the temperature 49 degrees at 800 fatlioms, 
and we got down to ^9 degrees at i,oOo fatlioms. Now ibis shoira 
perfectly clearly that that low temperature could only be sustained 
by a constant flow of water from the Polar basin towards the 
southern re^on. Then, as I have shown you, that flow could not 
continue without an in-flow into the Polar basin. How could 
there be this constant flowing out of water from the Polar basin 
if it Were not for an inflow to supply it ? And that brings ine 
to show you what is the force that maintains ibis flow. It 
is the continual cooling of the water as it flows into llie Polar 
aj-feft ; it becomes heavier and falls to tlie bottom, displadng the 
water pre\'iously there, pushing it on as it were, 'I'hus, there is 
a constant Sinking of water in the Polar area exposed M k 
feraperatute, it may be in winter, of 40 or 50 dcRreeB below xerOt or 
irVeti lowet ; and as the «'ater becomes colder it sinks. ICvenr 
i>esh layer of Water that comes in from the warmer sea arduB4Jl:_ 
rooJrf; it then sinks and goes down, down, down ; and thUlQJ 
g0d denser mtet cretps graduaWy aVcm^ vUe deepest parts -i" 




■great Atlantic basin, and now and then, by some peculiar confGt- 
mation of the bottom, it tt'ill come nearer to the surface, as it dtd in 
this Lightning Channel, If we are ever able to trace that Light- 
ning Channel further north, it will be a most interesting point to 
determine what it is that sends up that cold water so much nearer 
the surface there, than it has been fovmd anywhere else in the same 
latitude. But we have a parallel fact in tlie case of Qibraltar, 
where I have lately been able to prove very distinctly that the 
water from the deeper portion of the Mediterranean basitt is pass- 
ing as an under-current outwards througii the shallowest part of 
the Strait, beneath the surface-current that is continually flowing 
inwards from tlie Atlantic. Thus, then, you see what is tho 
moving force. It is tJiis constant change of temperature which 
increases the density of the water and lowers its temperature too. 
Suppose we had a Polar column of water at this end of i!ie room 
of ft certain heiglit, and an Equatorial column at the other end. 
As this Polar column in cooled down, it contracts and becomes 
denser ; then the level is lowered and the water will flow towards 
its sjirface to make up that level. Very well ; when this column of 
cold condensed water lias on the top of it the additional water 
which has flowed in to maintain the level of that column, it 
becomes considerably heavier than the corresponding Equatorial 
column at the oilier end. ^Vhat is the consequence? Why 
thai a portion of the lower part of it must flow away. Thus 
there will be a tendency to the lowering of the level, which will 
draw in water from the Equatorial region ; and there will always 
bt?, as that water flows in and is cooled down, a tendency to 
the maintenance of a greater weight of water in the Polar region ; 
so that by these two influences — the lowering of the level, and the 
increase of the weight of the column — we liave this constant 
disturbance of level and disturbance of equilibrium, producing an 
inflow from the Equatorial towards the Polar regions on tlie 
surface, and an outflow from the Polar towards the Equatorial 
area at the bottom. 

This is the doctrine of the general Oceanic circulation to which 
I have been led. I say " I," because it has happened that I hava 
been the member of the expedition to whose share this part of the 
inquiry fell, and I have nppUed myself to all the points bearing 
Wpon it. I have taken the opinion ""ol some of the most eminent 
li^thematicians end physicists of this country with regard to tli« 
Vfdidity of the principles I have advanced ; and 1 am glad to lay 
Afit i do not bring them fm^ard merely on my own authoniy, 
btit I am assured thai this doctrine will lUnd th* Mtt <t( ttF^ 



ri^ inqoiry. I was able, at a recent meeting of the Gtt _ 
Society, where I explained it, lo exhibit an illustrative experi- 
ment, which was considered extremely satisfactory ; and I thiuk 
1 can explain it to you in such a manner that you will vexy 
easily see the applicability of it, and the satisfactory nature of 
the result. We had a trough, with plate-glass sides, about six 
feet long and a foot deep, and the sides not more than one 
inch from cacli other. At one end of tliis trough a piece of ice 
was wedged in between the two sides; that represented the 
t'olar area. At the other end we applied heat at the surface, 
not at the bottom, — to imitate the exact conditions of the case, — 
ihe heal being applied by a bar of metal which was laid on 
the surface of the water, and then carried over the end of the 
trough and heated by a spirit lamp; that represented the 
Equatorial area. Then we put in some colouring matter, red 
at the warm end and blue at the cold end. What happened? 
The water tinged with blue put in at the surface of the Folat 
area, being subject to a cold atmospheric temperature, imme- 
diately fell down to the bottom; it then crept slowly along 
ihe bottom of the trough, and at the warm end it gradbally 
rose towards the surface; and, having done so, it gradually 
returned along the surface to the point from which it started. 
The red followed the same course as the blue, but started from 
a different point. It crept along the surface from the Equatorial 
to the Polar end, and there fell to the bottom, just as the 
blue had done, and formed another stratum, creeping along 
the bottom and coming again lo the surface. Each colour 
made a distinct circulation during the half hour in which the 
audience had tnis experiment in view. Now that was a very 
beautiful experiment ; and I can myself see no flaw in the appli- 
cation of the argument that what is true on a small scale in this 
trough is true of a mass of water extending from the Equatorial to 
the Polar area. I am hoping to repeat this experiment soon in a 
still more satisfactory way. I will tell you my idea; it is to get 
the largest wooden tub that I can (wood is a bad conductor), and 
I will call that the great ocean. Then I propose to suspoid in 
the middle of it, which I shall call the Pole, an iron pan with a 
very strong freezing mixture, and then carry round the outside 
edge ol the tub a leaden pipe on (he surface through which there 
shall be a stream of salt water continually passing — that will 
represent the surface heat of the Equator. Then I intend lo 
^spose a series of thermometers along the surface and bottom; 
«n«/ / fim willing to stake my 3ciei:ft\fLc reputation upon tiie {act 



we shiiU flml ihe leniperalure along the Ijoltom dcpiessM 
down to say 35 degrees. We must try it witli salt water, of course, 
for the reason mentioned. I have no doubt that the lower 
stratum will be gradually brought down to 35 degrees, representing 
the condition of the deep ocean bottom; and that we shall find 
on the other band the surface water returning with a temperature 
it may be of 50 or 60 degrees from the outside of the tub towards 
the freezing mixture, and then that water will again carry down its 
cold to the bottom of the tub. I should have tried that experi- 
ment some time before, but I have been so dosely engaged in the 
preparation of my report for the Royal Society that 1 have not 
found time yet to do so. 

Now then let us consider this question of climates. You see it 
is a great cosmical matter, if I may use that phrase. " Cosmos " 
is a word which refers to the world at large. It is not a mere 
local phenomenon and confined to the present lime, as the Gulf 
Stream is ; but it is a phenomenon which must have had its place 
in all geological history. Wherever there were deep seas and Polar 
WKter and Equatorial water, tliere must have always been this 
wirtical drculation. The Gulf Stream and the surface of the Arctic 
cmrents which bring back the water again, constitute the hori- 
nmtal drculation. But here we have a vertical circulation. One 
very curious consequence of this vertical drculation, which I 
believe to be very important in relation to the life of the ocean, is 
this, that in this manner, if this doctrine be true, every drop ol 
water in the ocean will, in its turn, be brought from the bottom 
and exposed to the surface. Now, in the Mediterranean there is 
no such circulation, and we find in the great depths of the Medi- 
terranean an extraordinary paucity of animal life. lostt'ad or 
finding the abundance of animal life which we find in the great 
depths of tlie Atlantic, we find an almost entire absence oi animal 
life in the great depths of the Mediterranean. I will not say that 
is the sole cause of it, but it has a good deal to do with it. These 
depth are stagnant ; there is nothing to change them ; no periodical 
circuladon ; and, in consequence, the only vertical circulation is 
caused by the descent of water that has been concentrated by 
evaporation on the surface, and which, becoming heavier by 
concentralion, will go down. I do not think that great depths arc 
affected by this. 

Let us now speak briefly of the nature of the Animal Life of the 
ocean depths. Until within a comparatively small number of 
years, the general doctrine has prevailed, owing especially to the 
predominant authority of my late most excellent friend, Professor 
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'„ Foibes, who was at tlte time a most accomplished 
and a most profound geologist — I say, owing to the prevalence oT 
his authority to a degree, 1 believe, much greater ilian lie himself 
would have wished, the idea has prevailed which he based upon 
some researches of his many years ago in the jEgean Sea — that 
maiino oceanic life was limited to a depth of about 300 fathoms. 
It was a very convenient lliing for geologists, for this reason, thai 
it seemed to account for the fact — perfectly familiar to geologists — 
that there are strata of very considerable depth in the present day 
not evidencing any metamorphosis or change of character such as 
would destroy fossil remains, but apparently very much in iheir 
original condition, that ivere almost entirely destitute of fosals. 
Why should this be so? Geologists were puzzled ; and Professor 
Forbes' doctrine seemed to explain it satisfactorily — that thcs? 
were deposited in a very deep ocean, and that there could be tio 
life at tile bottom where they were deposited. Now even before 
his death, evidence had been obtained that there was a tolerable 
abundance of animal Hfe down to 400 fathoms. Dredging to that 
depth had been made in Sir James Ross's Antarctic expeditton; and 
in tlie early period of that ill-fated Arctic expedition in which a 
well-known friend of mine had written home, " I have had a capiui 
haul near the entrance of Davis's Strait at 400 fathoms"; and be 
gave a list of the animals obtained there. That fact, therefore, had 
shown that the limit assigned by Edward Forbes did not alst 
precisely as he had stated. Still the general idea was, " It may 
be 100 or 300 fathoms deeper, but there is a limit." Then the 
soundings taken in the North Atiantic, with reference to laying the 
Atlantic cable, brought up specimens of marine animals ; and, 
in fact, previously to that small specimens, a few teaspoonfuls 4t a 
time, of the deposit forming the bed of the Atlantic, had been 
brought up, which, when examined with a microscope, were found 
to consist of minute shells, similar to those represented here, but 
smaller, as you will judge when I tell you that thousands of these 
shells would scarcely weigh a grain, little " globigerins j" as they 
were called. It was found upon microscopical examination that E^ 
great part of a kind of white mud, brought up from the bottom Ot 
the Atlantic, and exceedingly similar in appearance to challc, waj 
composed of these little "globigerinK." It was found also thai 
larger animals were brought up. In the soundings which were 
taken between the Faroe Islands and Iceland some years ago, with 
the ides (after the failure of the first Atlantic cable) that a cable 
raiight be carried in separate lengths from Great Britain tp N^rd) 
America by (he various stations of Shetland to Faroe, Faroe to 



127 

id, Iceland to Greenland, and so on— in the Boundings then 
tatcen by Captain McClintock, Dr. Wailich having gone as a 
Tolunteer naturalist in that expedition, the sounding line brought up 
clustering round it a group of star fish from a depth of 1,200 fathoms. 
Many naturalists were indisposed to believe that star-fish had lived 
on the bottom at that deptli ; but I was myself quite satisfied with 
tiie evidence that they had so lived ; for it happened that 1 had 
kept this very kind of star-fish in a vivarium for weeks together 
utd familiarized myself with their habits, and I had never seen 
them swim or do anything but crawl over the bottom. There was 
tuiother thing that favoured the belief that these star-fish had 
been found at the bottom ; their stomachB were filled with 
globteerinEe . Further, 1 knew that their habit was to cluster 
round a rope, for I had let down a rope in the bay where I lud 
been accustomed to dredge, and in a few hours it was covoFed 
with these and other star-fish of a similar kind. Dr. WalUch 
went further, and found some small crustaceans, animals of the 
shrimp kind, and small marine worms — tubes of marine woims, 
buHt tip of globigerinie' that must have been made at the bottom. 
That is a draiving of it. He reasoned, therefore, that there 
ensled at great depths not only this lowest form of life, the 
globigerina, but he considered that there was evidence of an abun- 
dant and varied " Fauna," which is the word we use to express the 
Wh^le collection of animal life. This view was not accepted by 
naturalists generally. I think his conclusion was scarcely justified 
by the evidence- There had not been a single shell-fish brought 
up, no raullusk, or coral ; the evidence was limited to these star 
fijii and a few small marine worms and crustaceans, But Dr. 
Wailich was right in his conclusion, as the result of our own 
Rseaiches proved. 

Tb our first expedition — that in which we discovered this 
curious contrast of temperature in the Lightning Channel — we 
found on a warm bottom a great abundance of animal life at 
ftom 500 to 600 fathoms, with a number of most remarkable 
new forms, amongst others this most beautiful sponge. This is a 
spoDge of which the framework is composed of fibres of flint, like 
glass — long flexible fibres extending through the globigerina mud, 
some feci in length occasionally. This is a section of the spongu 
showing its internal structure, the large cavity of the mouth 
•ununded by a sort of moustache. We found four specimens 
of these imbedded in this chalky mud, mixed with sand, at a 
dnih «f S30 fathoms. One great point of interest in relation to 
this sponge is, that it closely resembles a cetWm ^qmij <i< tWJ». 
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fbanX ^i*** »™ known as " vemriculiles," which are al 
in certain beds of chalk. Some of the most eminent of ._, 
zoological and geological friends, including Professor Huilq-, 
instantly recognised these as the ventriculite. I do not hesitate 
to say it was our finding that sponge, and discovering the vaiying 
temperatures, that was the great success of our first expedition, 
and which procured us a very much better opportuni^ in the 
following year, when, as I have already mentioned, we were able 
not only to sound to the extraordinary depth of 3,433 fathonu, 
which is 500 fathoms lower than the depth from whrch the 
Atlantic cable was picked up, but to dredge down and take the 
depth and the temperature by the sounding apparatus ; and ftom 
that great depth we brought up a hundredweight and a half of 
this globigerina mud, with a number of animals included in it, 
specimens of the deepest life which has been obtained from Ihe 
sea bed. 

Now, just to go back to cold and warm areas, because here 
there is a very important and curious set of facts to be named: — 
vVorking over ihe warm area with great care in our second expedi- 
tion, and using a very valuable addition to the dredge, which the 
ingenuity of our captain had devised — a set of hempen tangle^ 
like "swabs," freshly teased — these bundles of rope yam had aa 
extraordinary power of attracting, when drawn over the bottom fri 
the sea, a great number of marine animals that would not so welt 
come into the dredge ; and it was curious that while they seldom 
picked up shells, which the dredge will pick up readily, they 
picked up a quantity of star fish ; and in our second year they 
picked up two buckets full of these curious sponges, while the 
dredge brought up comparatively few. This proved a most valuable 
addition. To give jou a notion of the extraordinary abundasceof 
these things, which had previously been considered very scaro^ I 
may mention that in one place these hempen tangles brought np 
at the very lowest estimate 20,000, some estimated nearly 50,000, 
of a small species of sea egg, which had previously been known 
by ones and twos, and was considered a great rarity and much 
prized in museums. With these hempen tangles we found 
a great abundance of life on this warmer portion of the area that 
I have been speaking of, the portion coloured red. But we found 
to our great surprise — for we had not the tangles the first year — 
that there was an almost equal abundance of life over the cold 
area, with a temperature at bottom of under 30 de^grees, — 
that Acre was an exuberance of animal life there, wiUi muny 
aev things. For instance, we founi ^f. *hole of the bottom 




ihat wherever we dredged we brought up pieces of it, 
with this most beautiful branching sponge. We found star fish in 
[Treat numbers and of extraordinary variety, amongst other 
most beautiful and interesting feather stars, fora specimen oi unc m 
■rhich obtained from Iceland or Greenland I had given j£$ only the 
(rear before, for microscopical examination. A great number of 
cuiious forms were there met with ; but the remarkable point was this, 
ihat with the exception of a few whicli we found at all deptlis and 
temperatures — which seemed able, like man and the dog, to live 
ic^'erywhere— there was a marked difference between tlie Faunaoflhe 
cold area and the collection of animal life in the corresponding 
Irann area, perhaps only ao miles ofi. And the difference was still 
more marked in the nature of the bottom, because in the warm 
irea the bottom was composed entu-ely of this gtobigerina mud— 
uud made up chiefly of these globigerir k, either living, or their dead 
remains, their shells decayed and falling as it were into a powder, 
ooaking a very fine mass that you wou!d not know from a piece of 
[lialk. I have dried some specimens of these after the salt was 
ntsbed out, and no one would know them from a piece of chalk ; 
br chalk upon microscopic examination is found to consist of exactly 
he same materials. We also found a sort of star-fish (Encrinite) 
mounted upon a long stalk. That is a drawing made ftom one 
that was brought up from a three miles' dredge. You must not 
luppose firom the drawing that it is a large animal ; the stem is 
ibout the size of a pin, and the body about the size of a pin's 
head ; yet these animals are of intense interest to the geologist, 
tor this reason, that in their type of structure lliey do not correspond 
nth any of the animals nearest to tJiem of the same group now 
iving, but they correspond to one which was supposed to ha\'e 
wcome extinct with the old chalk ; it is a type known as the Apio- 
lioite. Here is a representation of it. It is often found in the beds 
ri clay in Bradford, Wiltshire. Dwarfed and degraded it is found in 
he clialk, and here we find the same thing still more dwarfed, as 
f, as Professor W. Thompson said, it had been " going to tlie bad " 
or millions of years. 

We believe this Atlantic mud to be a continuation, so to 
peak, of the old chalk. I will explain what we mean by that, 
fou know very well that a lai^e part of England, the southern 
istrict especially, shows an enormous mass of chalk which has 
leoi lifted up from the ocean bed ; and if wc go across to 
entral Europe we find large areas there of chalk on and bel ow 
Iw luiface, covered by later tertiary formations. The elevation 8^ 
Us chalk from the bed of the ocean marked a great period f 
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logy, generally known as Ae concluaJon ©f the 
, ch. Now the geologist knows veiy well, and we may atsume 
,. as a fact, that wherever there has been a gradual upheaval of 
BJiy portion of the earth's crust, there is at no great distance ft 
gradual subsidence or lowering, so that the sea becomes dryland and 
the dry land sea. That ft-as pointed out by Mr, Darwin at rat 
result of his examination of the coral formations in the Vad&O 
Ocean ; and I believe Professor Huxley gave you some infonnstion 
upon tliis subject in a prei'ious lecture, Now just apply that doctnM 
of the elevation of one part and the coincident Gubsidence of 
mother to diis case, lliere was probably a great continent in 
what is now the Atlantic Ocean ; on the other hand there wis 
here a sea and globigerina mud in process of formation, with 8n 
enormous number of animals embedded in it, at the time when 
Europe was under water at die bottom of a deep ocean. When this 
was being gradually lifted up, the bed of the Atlantic we may 
assume was going down. What would happen then ? Wliy the 
animals would migrate irom tlie one to the other area, and thus 
this chalk mud, the formation of which is going on at present itt 
the bed of the Atlantic, would be continuous, these globtgeiins 
boing Uie descendants of the globigerina which made the chalk of 
central Europe and of our own country. But then the termination 
of the cretaceous epoch is considered by geologists to have been 
marked by the disappearance of a great number of the types of 
life which were characteristic of that period. And if lliey cODsids 
that the disappearance of those types of life formed the tcrmina* 
tion of the cretaceous epochal do not object to the phras^ it tl 
simply a matter of definition — what I maintain, with my friend, 
Professor Thompson, is, that this chalk mud which is being 
formed in the bed of the Atlantic at the present time, is not a 
mere repetition of the old chalk, but is an absolute continuation rf 
it We think it can be shown that the bed of the North Atlaniifi 
has never been raised more than a couple of thousand feel ainee 
diat period. Now when you consider that the deepest portion it 
about 2o,ooo feet, you see that bringing it up z.ooo feet would Dot 
really alter its condition. I can slate to you that many eminent 
geologists are quite prepared to accept that view of it, and 10 
admit the continued existence of various types of life from tJie cliallt 
down to the present time. There is really not much dlfferenct 
between us as to die facts, though there may be in the use of 
tfiTjis, depending upon the nature of the definition. 
' To return now to our warm and cold areas, I want to iko* 
^a now remarkable a eonWasl t\vei;e w \)ftVK««n the life of dw 




!d llie olher. Hero, for instance, at 500 or 600 fathoSffl 
ind the bottom covered with the globigerina mud, and 
'sd in it a great number of animals, of which many wei* 
ly characteristic of a warmer climate. Going about ao 
les from that, and in some instances even less, we got 
intb an entirely different condition^the cold area-=>for not 
a globigerina was to be seen ; on the other hand we found sand, 
Btenes, gravel, and a variety of entirely different tj-pes of animal 
lift. Now, suppose this sea bottom to be uplifted into dry land. 
What would be the consequence ? We should have here a Etratum 
of chalk, that is, a bed exactly like chalk in its general character, 
and including in it the remains of animals of a warmer climate ; 
and actually continuous with that, on the same level, we should 
have a bed of sandstone including animals of a much colder 
climate. Now, you see what mistakes geologists would be liabl« 
to be led into, if they did not allow for phenomena of this kind. 
There is one impression which I believe these researches will tend 
to modify, and that is as to the glacial period. It has been a 
prevalent opinion amongst geologists that there was at a certain 
penod in the earili's history, geologically not very remote, an 
extremely cold temperature over nearly the ^pholc earth ; and that 
diia is marked by indications of glaciers in countries where 
diere is now no ice at all, and the finding of beds con- 
taining Arctic shells down in very low latitudes. Now with 
regard to glaciers on the land, I have nothing to say; these 
teEtarches do not invalidate any evidence derived from theraj 
bol with regard lo the deposit in the sea of organic remains 
ohuacteristic of the Polar regions, you will see at once that wo 
may have these at the present time in any part of the great 
Atlantic bed. We have traced Arctic shells as far south as 
Gibraltar, or nearly, and we liave the glacial temperature tliere ; 
and thus, without any difference at all in the terrestrial climate, we 
may have in the torrid zone the burning sun of the equator, and a 
ftw miles off we may have a glacial temperature at the bottom of 
the Eca. Now, to a certain extent this does tend to modify 
geological theory, but it exyilains ficts that were previously difficult 
to underst.ind. Kor example, my friend, Professor Dawson, of 
McGill College in Montreal, wrote to me a few months since to 
iiy— " I have been excessively interested in your account of th* 
deep-sea temperature, for I find in it an explanation of facts which 
^'■■" beeorecemly working out respecting a group of phenomiW' 
" Mnce of glacial beds in a period much before v ' "" 
i^jrcaUedthe 'glacial period,'" Ueadded-^" 
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prepared to accept yoiir conclusion tliat glacial beds 
been formed in any latitude and at any geological period ;" and 
he gave an illustration of a series of glacial beds which must 
have been deposited in water nearly icy cold, which he had met 
with in a certain part of Canada, Now that is the conclusion of 
a I'ery experieuced and able geolc^st, and you see how remarkably 
it confirms the views that wt have been led to advance. 

There is just one other point that 1 will notice, namely, that 
this formation of the same kind of material very ]>robably took 
place in periods long anterior to the chalk, but that it. has under- 
gone a metamorphosis into solid limestone. 1 have seen chalk 
cliffs along the coast of Antrim, in Ireland, that you might take to- 
be a sort of white marble ; they have been altered by the neighs 
bonrhood of that outburst of basaltic volcanic rock which pro- 
duced the Giant's Causeway and Fingals Cave in Staffa. There 
arc many old calcareous rocks of very much the same characKr. 
A large part of what is known as " mountain limestone," which 
forms the basin of the coal measures, I believe will prove to have 
been formed of mud deposited in the deep sea extremely like our 
chalk mud at the present time, only that it has undergone a subse- 
()uent metamorphosis. We know that there arc certain beds of 
coral limestone whicli were once shallow water beds, being full 
of shells of various kinds ; but I am strongly inclined to believe 
that the deep-sea beds of the carboniferous limestone were 
formed under conditions exactly parallel to those deposited 
in the North Atlantic at the present time. Time does not permit 
me to say more with respect to the various types of life which you 
Iiave before you. 1 have given you an idea of the curious fotms 
(nearly all new) which we have met with, and some of which are 
extremely interesting from their relation to forms which are pre- 
served to us in the chalk. As I have said, we find a considerable 
number of representati--'es of the animals of the chalk period ; 
and yet it must be frejly admitted that the Fauna, as a whole,^ 
has undergone a very considerable change, and that a great pro- 
portion of the animals characteristic of the chalk have died out ; 
yet still we have remaining the actual creatures that made the 
chalk, and which are still going on making chalk. 

I feel now that I have trespassed long enough on your tune 
and attention, and I really feel that I must not add another word 
to what I have endeavoured to place before you, except to thank 
you most heartily for the kindness with which you have received 
me and the attention with which you have listened tome. I 
assure foa it I'a a, very great picamxt Xo address an audience iKt 
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jhly sj-mpathcric and receptive, as you have shown your- 
selves to be. 

The Chairman, in calling for hearty thanks to Dr. Carpenter 
for his lucid and interesting lecture, confirmed some of the 
statements made by the lecturer in regard to the shell and other 
deposits found in the bed of the Atlantic when laying the tele- 
graphic cable. 

Dr. Carpenter, in acknowledging the vote of thanks, men- 
tioned that the lost buoy of the Adantic cable of 1865 was found 
about 10 degrees (700 miles) sautA of the spot where it had been 
placed, and in a direction opposite to the flow of the Gulf Stream. 
Dr. Carpenter accounted for this from the trailing of the long 
wire rope in the under cunent which was flowing in an opposite 
direction. Another fact which confirmed his theory of oceanic 
cnirents was that icebergs had been seen in the Gulf Stream, 
drifting in an opposite direction to that stream. This again was 
owing to their great depth of the iceberg in their water, which 
reached the Polar under-flow. 
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'tot. RoscOE, in introducing the lecturer, explained the great sei^ 
vice rendered by the Geological Survey of Great Britain in storing 
up valuable records in regard lo coal and other mines for the use 
of posterity, Mr, Green, their lecturer, was a distinguished 
member of this Geological Survey. 

Mr. Green said, — ladies and gentlemen, — I am afraid that I 
come before you this evening with somewhat a stale subjt-ct. My 
friend Mr. Dawkins gave you, some time ago, a lecture on the subj ect 
of coal. In that lecture, however, he confined himself mainly to an 
account of the formation of coal itself, a subject quite sufficient to 
talte up the whole of a lecture ; and he did not attempt to go fully 
into — though he did sliglitly touch upon — an account of the 
formation of the mass of measures in which the coal beds are 
found. I propose to-niglit to attempt to supplement Mr. Daw- 
kins's lecture by a description of the way, not in which coal itself 
was formed, but of the way in wliich the body of strata in which 
coal occurs have been formed, I will endeavour to give you 
some notion of what was the physical geography of this por- 
tion of the world during the time when coal was formed ; and, 
lastly, show you what it is that has placed the coal in the posi- 
doD in which we now have to work it. I shall try to lay 
before you shortly an account of all that went on during the 
Ibnuation of the coal beds themselves, and of their associated 
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; to give you, in fact, one chapter of that far distant porriott 
of the earth's liistory which the science of geology has taught us. 
We know now that the earth has had a far longer lifetime than 
IS popularly assigaed to it. It used to be supposed that the 
euth -was some six thousand and odd years old ; hut we kmv 
that it has had a very, very much longer lifetime ; and we knowOrat 
during that lifetime it has undergone a series of strange chaugesflnd 
revolutions. Of the earliest part of the earth's lifetime we have 
no actual written history left, but we are able to form, within cer- 
tain limits, very reasonable conjectures of what it was like. Of 
times later on — but still times wludi, measured by human chrono- 
logy, are immensely remote — -we have a history; and just in the 
same way as the history of a nation is written upon manuscripts, 
or printed in books of pEffchment or paper, so this history of the 
far off portion of the earth's lifetime is written on the rocJts of 
that thin external shell of the earth which we are able to explore 
by direct observation, and which, because it is so thin compared 
with the whole mass of the earth, is generally spoken of as its 
" crust" It is the province of Geology to decipher this 
record, but the task is by no means an easy one. It is 
something like working one's way tiirongh an old chronicle, 
the different volumes of which have been contributed at 
different times, by different writers of vaaious .styles and torts 
of penmanship, and various powers of description. Some ■of 
the older volumes of this chronicle have so suffered from the 
effects of time that they are all but illegible ; some of tile 
volumes have perisbed altogether; the history of some ipenofc 
was never written at all ; and some of the volumes may be com- 
pared to those manuscripts which are called palimpsesB, that is, 
manuscripts from which the origind writing has been effaced to 
make room for writings of a later date. It is one of these 
volumes that I want to bring before you to-night and diat 
volume is known in geology ty the name of the CarboniferoiB 
Formation ; and the part of it that we shall be most espedafly 
concerned with is called the Coal Measm'es, being the part 
which contains all the workable beds of coal that otxur i 



The Coal Measures are made up of different kinds of rocfcs. 
I In the main we may say that there are five different Icinds of 

. rocks in them. There are sandstones; you aU know what a sand- 

L stone is. There is the rock named ahale by geologists, and <«iiuch 

I £s known more popularly, especially amongst miners and \ 
L by the name of " bind'' ; there is \\me.?,'LOTit ■, ^i\«e is coal itself; 
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ikftd there is a. peculiar sort of clay which is always found under 
each bed of coal, which is sometimes called the under-clay, and 
which goes by different names in different parts of the country. In 
Yorkshire we generally call it " spavin" ; and I think in Lancashire 
Aat you know it by the name of "warrant," or "seat earth." 
OF these rocks the sandstones and shales have that bedded 
Structure which shows that they have been deposited under 
water ; that is to say, they arc divided into a number of 
layers lying cne on the top of atiother^ somewhat in the same 
way that a pile of volumes lie when placed on the floor of a room. 
In fact, these sandstones and shales are nothing more tlian sand 
and mud that has been washed off the face of the ground by rain, 
carried by rain into brooks, by brooks borne on into rivers, and 
swept along by the rivers til! they entered the comparatively still 
water of the sea or a large lake, and then let fall to the bottom. £ 
shall not attempt to-night to go over the proofs of this assertion ; 
I shall take it for granted that you are all very well acquainted 
with this elementary bit of geological knowledge and with the 
reasoning by which it is established. But though I assume .the 
general fact that these shales and sandstones are formed in the 
way which I have described, it will be necessary for us to look a 
little more into the details of tlieir formation. 

Wc will begin with the shales, which ate nothing in the world 
but hard ulay, splitting up, in most cases, readily into a number of 
ibm parallel layers. We must first of all note that the matter out 
of which rocks dqjoaited under water had been formed, has been 
carried down in two different ways. When this matter is light or 
■finely divided, it can be held in suspension in the water of the 
tiver which bears it along ; if it is coarse or heavy, it can only be 
C&rried forward by being pushed along the bottom. The first sort 
■ef sediment makes the river muddy ; the second sort, which is 
poshed along the bottom, causes a peculiar grating and rolling 
sound, which you may often notice by patiently listening as you 
float quietly in a boat down any large river. Sh:^e, whidi we are 
BOW considering, has been formed of very finely divided mud, or 
of a mixture of such mud with very fine sand ; and, consetiuently, 
ftie materials out of which it has been formed were, as a rule, 
carried in suspension. When the stream which carried tliem 
along entered the sea or a large lake, its velocity was checked ; 
but this finely divided tnattct did not necessarily GUI down plump 
Rt once to the bottom, but was carried forivard very often lo long 
tfistanoes by even the small amount of velocity wluch the stream 
was enabled to retain. And if the sea into wUch. it was bocoe 




was traversed by currents or was subject to tides, these curteilfa 
and tides would still further aid in spreading out this finely divided 
sediment over larger areas. Again, if there were any interruptions 
in the supply of sediment, any pauses in this supply, each layer 
when it had fallen down would have time to harden slightly before 
the next layer was placed above it ; and in this way the bedded 
structure of shale, in virtue of which it splits up into fine 
taminx, has been produced. You see, then, ■fliat, on account of 
the very gende regularitj- with which the finely divided matter 
out of w lich shale has been formed settled doivn, shales will 
show great regularity of thickness over a large area, and will 
extend to very great distances, far away from the mouth of the 
river which brings down this matter; and, upon the whole, the 
general character of shales will be uniformity of composition and 
regularity of bedding over very, very large areas. In this diagram 
fsection of coal measures) you see that the beds of shale present 
throughout a uniformity of thickness and bedding. That is the 
notable feature about the shales. 

Wi' ne.\t come to the sandstones, which are fonned of a mass of 
sand, or, as it would be called in mineralogical language, "quartz ;" 
and because sand or quartz is a very hard substance, it is not 
easily ground down to a Snely diiided state, and, therefore, its 
grains are large ; also quartz is a heavy substance. For these two 
reasons, the materials out of which sandstone are formed cannot 
be carried in suspension ; but, as a rule, except the current be 
very violent, the only way in which it can be borne down in 
ordinary currents is by being pushed along the bottom. When a 
running stream that is pushing forward this sandy matter enters 
still, deep water, its velocity is checked, and the sand, instead of 
being carried out to very great distances far and wide, like the 
finely divided silt out of which the shale was formed, sinks rapidly 
to the bottom and accumulates in a bank of a wedge shape, which 
forms near the mouth of the river that has brought down the 
matter. [The lecturer illustrated this by making a sketch with 
chalk upon the blackboard.] For instance, this represents the 
surface of the land, and that the water, and we will suppose a 
river entering and rolling dovm a quantity of this coarse sandy 
matter; this cannot be carried very far, but will be thrown down 
in a bank. In the shallow water over the top of this bank, the 
stream will still retain its velocity, and, therefore, it will keep rolling 
sand along ; but, on reaching the deep water, the sand will 
be again throwa down and another bank will be piled up; 
sad so on, bank after bank w\li te -p^Ui m--^ q^ ^MNd."j naatter. 
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ail of the same shape; so that, in the end, these beds of 
sandstone will be always wedge-shaped, with their thick end 
towards the source from which the sediment comes, and 
their thin end pointing in tha opposite direction, In this diagram 
the yellow parts represent the bands of sandstone, and you see 
that in every case they are just such wedge-shaped masses as I 
have described to you. They are found to be such in all actual 
cases, and in many cases, if I were sinking a coal pit, — here 
for instance — I should pass through three tJiick beds of sandstone, 
I might possibly in sinking here miss the two upper beds of sand- 
stone, and only find the lower one. Sometimes in a railway cut- 
ring you will see the actual wedging out of these beds of sandstone 
and their dovetailing into the shales exactly in the way shown in 
that diagram. I may explain a little further the wayin which that 
dovetailing has been produced. The stream which brought down 
the sandy sediment out of which this bed of sandstone was formed, 
carried down also at the same time a quantity of finely divided 
mud or silL The sand was thrown near the mouth of the river ; 
the silt, on account of its finely divided state, was carried further 
out to sea, and, therefore, while a litde bank of sand was formed 
near the mouth of the river, a bed of shale was deposited somewhere 
out at sea. Again, more sand was rolled over the top liere, adding 
to this sand bank, and the finely divided silt was carried out and 
deposited as shale there. So that we get constantly in that way 
formations of sandstone near the shore, and of shale far off the 
shore, going on simultaneously. 

There is one more point to notice about the formation of these 
sandstones. [Illustrated with blackboard.] Supposing that we 
have here one of these banks of sand which is being formed in 
the way I have described. This being the surface of the water, 
the sand is rolled along here by the force of the current, and when 
it arrives here the current loses its carrying force and the sand is 
dirown down, and it will roll over and be arranged in a little sloping 
layer. More sand ivill be carried on, and another layer with a 
similar slope will be added, and so on ; so that in the end, these 
sand banks, besides showing great main lines of bedding, such as 
diese and tliese, will also be traversed by a number of planes of 
bedding running across diagonal wise, and inclined at an angle to- 
the main lines ol bedding. Note here specially that these lines (rf 
cross bedding all slope in the direction in which tlie current i» 
nmning. Therefore, if I see a sandstone like this, in which all 
the planes of cross bedding dip in a certain direction, I know that 
ft was pro^aced by a current whidi lati m ftit ^■sma SbscGms^ -a 



Ac plaircs of cross bedding dip. The same conclusion will lae ' 
isDin^ from the {act that the sandstoti- bed U thickest towards 
the rise and thinnest towards 1 he dip of (he planes of cross bed- 
ding ; the two facts lioih poiui -o the same conclasion. 

We nesl come to limestone. Limestioe was not formed out 
of sediment carried down by rivers into seas or lakes, but aQ 
great masses of limestone have been formed in this way. Lime- 
stone is mainly made up of carbonate of lime, and sea. watet 
contains a small quantity of carbonate of lime in solutioiL 
Now, there are certain animals that live in sea water, shdl 
fi^ corals, &C., which have the power of extracting this carbonate 
of lime from the sea- water, and out of it building up the hard 
dwellings in which they live, or some part of their animal organiam. 
On the death of these animals, their hard parts, which are formed 
of pure carbonate of lime, fall to the bottom of the sea, and there 
accumulate in a great heap, and this great heap, by pressure 
and chemical changes and other agencies, is afterwards turned 
into limestone. These animals that secrete the carbonate of lime 
from the sea water, as a rule, flourish only where the water is 
clear ; they cannot live in muddy water ; and therefore they are 
found, as a rule, in water so far distant from the shore that no 
sedbuent borne by rivers can reach them. From this fact we 
draw a very important conclusion, which we shall find very usefiil 
further on in the lecture ; and I'ne conclusion ia this^ — ^that wherever 
we find a great mass of nearly pure limestone, then we are 
quite sure that at the time the limestone was formed the spot 
where it is now found was fkr out at sea; but wherever we find 
the limestone becoming earthy, and intermmgled with sedimentary 
deposits, such as sandstone and shales, we know then that we are 
getting near the old coast line. 

The next class of rocks are the days that are fiomid beneath 
every bed of coal, and which are known as uuder-clays, or warrant, 
or spavins. Tliey vary very much in mineral composition. 
Sometimes they are soft unctuous clay; sometimes clay mixed 
with a certain proportion of sand ; and sometimes they contain 
such a large proportion of silicious matters that they become 
hard flinty rock, which many of you know under the name 
of "gannister." But all underclays agree in two points. They 
are all unstratified ; they differ totally from the shales and 
sandstones in this respect ; and instead of splitting up readily into 
tliin laroinse, they breakup in irregular shaped lumpy masses. And 
they all cojiUin a very peculiar vegetable fossil called "stigmaria." 
> Ja dus diagram there is repie5en\.eii a. \)e4 cl MnSifixdaij with the 
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coal above it eontaining a number of these stigmaria, whicb you 
see are branched vegetable fossils, dotted all over wiii litde pits, 
and from these run out in every direction into the clay innumerable 
black filaments, sometimes to such a great extent that the whole 
day is one thickly matted mass of them, A good many of them 
are shown in this diagram, but not unfrequently you will find the 
nnderclay much more thickly penetrated by these black threads of 
die stigmaria. When we get the stigmaria very perfect, it is found 
tn have a shape something like this — in the centre there is a. flat 
disc, and from that disc there are spread out generally four arms, 
wbich at a certain distance from the disc bifurcate, or divide into 
two, and each of these branches again divide into two, and from 
these branches the thin filaments are given off in great numbers. 
This strange fossil was for a long time a sore puzzle to fossil 
tMtanists. Brogniart suggested a long time ago, on botanical 
grounds, that it was very likely a root Sir Wm. Logan pointed 
out the important fact that it was always found iu under-clays ; ajid 
that when it was found, as it is sometimes, in other beds, in shales or 
sandstones, it always then presented the appearance of having 
been more or less rolled, and that it had not got these long fila- 
tttents attached to it ; in fact, that when you see it in under-clay it 
loeAed perfectly well at home, but if you saw it anyivhere else 
it looked by no means so comfortable and at its ease And, 
bst of all, Mr, Binney fairly solved the problem by the discovery 
of a tree embedded in the coal measures, and standing erect just 
aa it grew, with its roots spread out into the stratum on wliich it 
alood These roots were srigmai'ia, and the stuff into which they 
penetrated was an under-clay. Prolessor Roscoe kindly reminds 
aie that the cnsts of these actual tossils may now be seen in the 
Mosenm in Peter Street, and splendid fossils they are. The 
geaeral appearance of this fossil is shown here. There is the tree 
Standing erect as it grew, and from it are the roots spreading out 
iato the bed on which die tree stood. These roots were found to 
tie stigmaria ; tliis is the under-clay, with a thin bed of coal lying 
OB the top of iL There can be no doubt whatever now as to what 
die trae explanation was. The stigmaria were roots of trees like 
tUs, or some other trees, and die under-clays were the old 
sails on which these trees grew. It is not very often (hat we still 
§ad the trees standing erect, because certain circumstances, which 
we shall come to by and by, have generally thrown them down ; 
but even when we do not find these trees standing erect we often 
find tiiem in very large numbers in the roof of the coal, evidently 
basing been tossed over, and lying there flat 3.i\d %^<L'L%.<d. ^^^»s^V) 
I tbepnssure of the measures that lie abo\e X\i«Tn. 
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Lastly we come to coal itself. I need not say much, after the 
full explanation that Mr. Dawkins gave to you, about the vegetable 
origin of coal. It is a thing universaliy admitted on all hands, 
and he explained it so fully, and dwelt so thoroughly on all its 
details, that I shall take it for granted you arc all perfectly 
convinced that coal has been nothing in the world but a great 
mass of vegetable matter. The only question is-^How were these 
huge masses of vegetable matter brought together? and you 
must realise that they were very large masses indeed. Just U> 
take one instance. The Yorkshire and Derbyshire coal field 
is somewhere about 700 to Soo square miles in area, and tiie 
Lancashire coal field about 200. Well, in both these coal fi^s 
you have a great number of beds of coal that spread over tic 
whole of them with tolerable regularity and thickness, and voy 
often with scarcely any break whatever. And this, as we shall see 
by and by, is only a very small portion of what musl have been. 
the origmai sheet of coal; so that you see we have to account for 
a mass of vegetable matter perfectly free, or nearly free from any 
admixture of sand, mud, or dirt, and laid down with tolerably 
uniform thickness over many hundred square miles. At one time 
it was supposed that the coal was formed oat of dead trees and 
plants, which were swept down by rivers into the sea, just 
in the same way as shales and sandstones were formed out crf'mud 
and sand so swept down. It is not very easy to see how in this way 
such a light matter as dead wood could be spread with this wonder- 
fiil regularity and uniformity over such very large areas. The fatal 
objection to this theory, however, is, that rivers would not bring 
down dead wood alone, but they would bring down besides sand, 
mud, and other matters, and that in the bottom of the sea the dead 
wood would be mixed with these matters, and instead of getting a 
perfectly unmixed, or very nearly unmixed, mass of vegetable 
matter, we should have a mixture of dead plants, sand, mud, and 
other things, which would give rise certainly to something like 
coal, but to something very different, as any one who tries 
to bum such coal will soon find out, from a really good, pure 
house coal. So that this theory, which is generally known 
as the " drift" theory, was totally inadequate to account 
for the facts as we know them. The other dieory was 
that the coal was formed out of plants and trees that grew 
on the spot where we now find the coal itself. On this 
supposition we could very readily account for the absence of any 
~ •fgn admixtures of sand, mud, ot clay in the coal ; and we could 
understand, very much \>(Msx v\ia.ti. t.'i 'ifae. sii. at \he drift 
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theory, how the coa! had accumulated with such wondeiTul 
regularity and uniformity of thickness over such very large areas. 
This theory was for some time but poorly received ; but 
after the discovery of Sir William Logan that every bed of 
coal had a bed of undcr-clay beneath, and the discovery of Mr. 
Binney, that these under-clays were true soils on wliich plants 
had undoubtedly grown, there was no doubt whatever that this 
was the real and true explanation of the matter. I dare say 
that many of you have had occasion to walk across peat bogs, 
for there are many of them to be found within a few miles of Man 
Chester ; and it is not at all a hard thing to see within a few hours 
of one another a section of coal and its underclay, and a section 
of peat bog made by one of those deep gullies which you find in 
all large peat bogs, and the resemblance between the two is very 
striking indeed. The peat bog is a great mass of vegetable 
matter, which is every year growing thicker and thicker ; and 
underneath it there is almost always a bed of thin clay, in look veiy 
much like the under-clays ; and this thin clay is penetrated by the 
rootlets of the moss forming the peat, exactly in the same way as 
the under-clays of the coal measures are penetrated by the stig- 
maria and its rootlets. But you must not suppose that the plants 
out of which coal were formed were exactly the same as the low 
type of moss which form our present peat bogs. Mr. Dawkins 
told you, I think, quite as much as is known about these coal 
plants. A good deal has been learned lately about them, and still 
there are many points with regard to their affinities to modem 
vegetation which still want to be made out. However, it is pretty 
certain that they were for the most part of a loose, succulent 
texture, and that they grew very rapidly indeed. 

You will have noticed that there is one step mote wanted 
to make complete this theory of the growth of coal on 
the spot where we now find it. The coal is found, as this 
diagram shows, inter-bedded with shales and sandstones. These 
shales and sandstones we have seen were formed beneath 
flie water of the sea, and as long as they remained there, of course 
no plants could grow upon them. The question is — how was a 
land surface formed for the growth of plants? It must have been 
formed in some way or other by the sea bottom having been raised 
above the level of the water. Now we have distinct proof in very 
many cases that elevation of the sea bottom and depression of the 
landisnowgoingoiinmanypartsoftheearth'ssurface. And, there- 
fore, weshall be assuming nothing beyond the range of our experience 
if we say that such elevations and dc^resaiofis ■wcoS. q^ iviyvft^. 



coal measure times. The coal measure times must tiaye beoL 
times during which the same spot was now below the sea and now 
dry land over and over again. There was a land snrface on which.' 
plants sprung up and grew fast and multiplied rapidly, and as thap 
died fell and accumulated in a great heap of dead vegetable mat- 
ter. After a time this layer— for " layer" would be a better wonl* 
than " heap " — of vegetable matter was slowly and gently let down 
beneath the waters of the sea, — ao slowly and gently that the water 
flowing over it did not, as a rule, disturb the loose pasty mass. 
And then by the method 1 have described to you, shales and sand-. 
stones were deposited on the top of this mass of dead vegetatAei 
matter. By tiieir weight they compressed it, and by certain 
chemical changes, which I shall not have time to go into, even it 
they were satisfactorily understood, this mass of vegetable matt« 
was converted into coal. After a time the shales and sandstones 
which had been piled up above this stuft which was to form coal 
for the future, were again elevated to form a land surface ; npwi 
this another forest sprung up, and by its decay produced anodier 
mass of vegetable matter fit to form coaL This again was letdown 
below the water, more shales and sandstones were deposited on the 
top,, and this process went on over and over again till the whole 
mass of our present coal measures was formed. 

You will now see how it is that we so seldom find trees 
standing upright in the way represented in that diagram. As the 
land went down, they would in very many cases be toppled ore 
by the water as it flowed against tiiem ; or their base would be 
rotted by the water, and they would fall over or be blown over. 
That is the reason why, in most cases, we do not find the treea 
standing upright, but find them toppled over and lying fiat on the 
roof of the coal bed. But in a few cases, when the depression 
was very gentle and gradiial, the trees were not overthrown, and 
the shales and sandstones accumulated around them and preserved 
them in the position in which they grew. 

Having now explained the way in which each of the several 
members of the coal measures have been formed, we will see htw 
they are put together when we look at the coal measures as a 
group. This is what is called a geological section. Supposing 
you were to dig a trench some hundred yards deep and a good 
many miles long across this great coal field, yon would see some- 
thing like this, in tiie sides of the trench, where the dark black 
represents the beds of coal, the lighter black the shales, and 
rhs yellows (he sandstones. We st\a.U come to the details 
of this by and by; for te pfesen^. \ "«ma ^^so. ■^■i-tocs^tly 
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to note what I have already impressed upon you — the wedge- 
shaptid form of the sandstones, and the direction of lliuir planes 
of current bedding ; tliese show that they were fomicd,, not 
by one single river, but by many rivers entering the sea at dilferent 
pouits and flowing in different directLona. This sandstone, for 
instance, must have been formed by a. river flowing in that 
direction, and that little wedge-shaped bit at the top by tme 
flowing in the opposite direction ; that by a river flowing to the 
right, and this by a river flowing to the lefL If instead of a 
sccrion I had taken a map and determined by means of these 
planes of bedding the direction of the current of the different 
livers that must have contribvited their share to the coal measures, 
you would have had rivers falling in in every direction. 

I think we shall now be able to form some opinion as to what 
sort of sea it was in which these coal measures were deposited. 
What I said just now shows that they were not the work of a 
Ui^le river ; they are not like the Deltas of the great Mississipi, 
or the Ganges, which are formed in the main by a single river, 
but are due to a large number of rivers flowing from different 
quarters in different directions. Again, in these beds we find 
constantly the remains of land plants — plants that grew on land, 
Tliese plants have evidently been drifted, because they are seldom 
or never quite entire. But it ts evident they have not been 
drifted very far, because though leaflets have been broken from 
braDches, and branches from trees, the broken portions are them- 
sdves singularly perfect ; in fact, in some cases the fetus are so 
beautiftilly perfect that they might have been preserved by design 
by a botanist Therefore these plants, which grew on land, 
bav« been drifted, but they have not been drifted very far; that is 
to say, the sea in which these measures were deposited always 
had land at no very great distance from it These two lacts~ 
the fact that the deposits must liave come from different quarters, 
and that the land could never have been ver>' far off— will be 
eaqilained if we suppose that the coal measures were deposited in 
Z laad-locked sea, fed by rivers flowing into it from different 
quarters. And again, because a large number of the coa! measure 
rocks are formed of such heavy materials that they could only 
have been carried down by being pushed along the bottom, and 
because currents sufii"iently powerful to push them along the 
bottom could not exist in deep water, we know that the sea must 
b&ve been tolerably shallow throughout. Therefore you arrive at 
the fact that the sea in which diese coal measures were deposited 
BOistiave been Uad-locke6, and in n,o pait oliLHta^ lisKft- 



However, a difficulty occurs here. The coal measmes are ol 
enormous thickness — 10,000 to 13,000 feel thick in some cases— 
and therefore you might suppose that they must have required a 
sea of at least this depth to allow room for them to accumulate in. 
This ditBculty is very easily got over. Suppose that the sea v. 
shallow, but that during the whole time of the formation oF the 
coal measures its bottom was sinking very slowly, but regularlyj 
if the rate at which the bottom sank, and therefore the rate ' 
at which the sinking tended to deepen the sea was about equal to 
the rate at which the deposition of the sediment tended to fill it up, 
the sea would remain shallow throughout, and still we may have 
any thickness of beds deposited in it However, though I have 
spoken of this sinking going on regularly, which it did for the most 
part, there were exceptions. You have seen that it was necessary 
for the formation of coal beds that we should have a land surface 
for the trees to grow upon. Now, how was this land surface pro- 
duced? It must have been produced undoubtedly by pauses 
which occurred every now and then in the sinlting of the sea- 
bottom. When the sea-bottom ceased to sink, the deposition 
of sediment would tend to fili the sea up. Whether this alone 
would suffice to produce the land surface appears to me a very 
open question. I cannot conceive a deposition of sediment en- 
tirely filling up the sea; it might shallow it to a great extend 
but I cannot conceive that it would entirely fill it up; therefore 
I think it likely that every now and then a pause occurred In the 
sinking, and that in consequence of this pause, the deposition of 
sediment tended to fill tlie sea up, and did fill it up to a certain 
estent, and that then the work was completed by a slight 
upheaval of the sea-bottom. Possibly it all might have been done 
by upheaval ; but in any case I think there might have been some 
little upheaval, though deposition of sediment may have contributed 
its share in producing this land surface. And when the land sur- 
face was formed, trees begau to grow upon it in the maimer I 
have already described. 

I think we shall understand the case better if I lay before yon 
an actual instance; and tlierefore 1 will explain to you,as f;^ as 
I can, what was the position and where Uie shores were of the sea 
in which the coal me^ures of the centre and north of England 
were deposited. This map, (" showing the general distribution of 
land and sea during the carboniferous times") represents the pro- 
bable distribution of land and sea during the time when our coal 
measures were formed. The brown represents the land, the blue 
tie sea, and the dark black the piesen.v fii^s.vctoi'a'iu 'i'i.\3,-cv4. 




e have over the centre and north of England a number of 
died patches of coal measures, knowB as coal fields. There.areJflie 
tie coal fields of Leicestershire, Warwickshire, South Staiffocdsbiie, 
' Coal Brook Dale, North Wales and Anglesea ; then there are ihe 
greatcoalfieldsofLancashhie, Yorkshire, Derbyshire, and N. 
berland, and a littie coal field near Whitehaven. There aie afeo 
coal 6e!ds in Scotland, and there are Iflige patches of coal 
though cot containing mudi coal, in iTeland. Now there a 
little doubt wliatever tliat all these patches of coal 
the north and centre of England, and verj- likely the ckI 
TOeasnres of Scotland and Ireland, arc only parts of one great 
sheet nf coal measures whii.h stretched at one time not only mer 
the spots where we now find coal-bearing rocks, but also ower all 
the intermediate area. Probably all these detached patches mere 
ranted in one great sheet of coal measures, and we have lo 
determine ihe boundaries of the sea in which this sheet of coal 
measures was formed. Of course it takes in all existing coai 
fields ; and the only qiiestkm is — How much fiirther did it 
extend? Now, properly to solve &k .question, I shall have to 
take you a little iiirther down amoRjf4he measures, and instead of 
dealmg wilili the coal measures proper, to bring .befcire you tiie 
whole of the carboniferous formation. The carbonifcRjjs ieaam- 
tion consists of two parts^the upper part, of which di&ss^^caal 
meastn'es may be taken as tlie type, consistiiig of shales, ^^- 
stone, and ciay; and the lower part, which consists mautly of 
limestone, tliis limestone being in some cases of grea.1 ibick- 
ness, and fiee from any admixture of ibreign matter ; and in 
other places being inter-bedded with sediroentory deposits of diale 
and sandstone. Now you will recollect I said a little time back 
that limestone wa^i formed by the agency of animals which 
secreted carbonate of lime from the water, and that wierever»e 
fbnnd this limestone jsore and thick, the water must have beta 
deep and clear and far B'vay from the shore, but that whereret 
this limestone is mixed up with sedimentary deposits, we IcDSW 
■we mast be near the old coast line ; and it is by the considera&n 
of liiis fact that we are enabled mainly to determine the bonndaiies 
of the old carboniferouB sea. In the centre of DerbyBhite, as 
Bhown in this section — where blue represents the limestone, and 
dark brown represents the rocks that form the bed of tiic ■old 
carboniferous se.i— we have tlie limestone quite pure and of very 
jgreat thickness ; but as we go southwards into Leicestershire 
Jind the limestone becoming thinner and thmner, and 
! up to a great extent ■w\t\i \ie4B qI ?,\iate and sandstone, 
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. shoftii by those yellow wedges. We know, then, that i 
the coal meastwe tnnes there was deep sea in Derbyshire, 
and that in Leicestershrre we were very near the old coast 
line. If we go still further soiKh, into South StatTordshire, we 
find the ttmestone wanting altogether ; and therefore we know 
thftfwe must be there still closer to the old coast line than in 
ItficesEeraliire. The Leicestershire coal field is that tiny patch, 
and as I said we are there near the old coast line, I have tiierefore 
nm file coast line up into a littJe pramontoty towards the Leices- 
ten^HFe coal field. The South Staffordshire coal field is shown by 
tkK patch, and as there also we are near the old coast line, I have 
ran 1^ tlte land into a similar promontory there. In this South 
Staffordshire coal field they found some time ago a very singular 
trace of fliis coast hne, which this diagram is drawn to explain, 'i'he 
coal irfiich is of most importance there is known as the " thick" or 
"tea yard coal," and aver part of the field it had been very 
laigely worked. In sinking to this thick coal thej- passed through 
a series of easily recognisable measnres. Of these measures I have 
oidy put four well known coals. You will see that we have here 
three of these coals close together, then a long interval without 
coal, and then another coal; and in all former sinkings the thick 
cmd had been found at a certain depth below this easily recognised 
gnxiip of beds. They then, some way south of any collieries, put 
down a bore hole in search of coal. They found these overlying 
measm-es as usual, and according to all past experience they were 
jnstified in e.ipeoCcng that at the usual distance between these 
i(pper coals they would come to the thick coal. But to their great 
disappointment, shortly nfter passing through this group of beds, 
theycame.not to the thick coal as they expeaed, but toa mass of stuff 
that looked like gravel formed ont of rocks known to be inuch older 
tban the coal meastrres. The explanation was perfectly easy ; they 
had got upon the old shore line of the carboniferous sea, and this 
mass of pebbles was nothing in the world but shingle that had 
been formed on that ancient shore, just in the same way as we 
see shingle forming every day now by the waves on a modem 
beach. You see clearly cow why that bore-hole did not reach the 
thick coal. The slope of the land being to the north, the highest 
beds of coal stretched further lo the south than the lower beds, 
therefore they found the higher beds, but tile thick coal had been 
cut «rfr when it reached that old coast line. 



It is by consiJeratious like this tliat the boiindai'y t>f the carboni- 
ferous sea has been laid down. We have not time to go into details;, 
but I may just mention one reason why I have put so much land 
in this quarter up towards Norway. A great many coal measure 
sandstones had evidently been formed by the disintegration of 
granite ; and Mr. Sorby pointed out that granites having exactly 
the nature required to furnish these sandstones are found in great 
quantities in Norway and Sweden. Also, when we observe the 
direction of the plains of current bedding in the carboniferous 
sandstones, we find that in a very large number of cases they 
slope toward the south-west, and therefore that the current which 
Drought their sand must have come from the north-east. For these 
reasons — because Norway and Sweden He in the quarter indicated 
by these planes of current bedding as the source of the sand, and 
oiso because the rocks there are just such as would furnish the 
niBterials of man^ of the carboniferous sandstones, we conclude 
that a large portion of the coal measures was probably derived 
from the waste oi land formed by a southward prolongation of the 
great Scandinavian peninsula. There is one more fact which I 
thinfc worth notice, which tends to confirm the distribution of land 
and sea, as shown on that map. You will see tliat I have drawn 
a narrow tongue o£ land running across the centre of England. 
and introduced sea again to the south of it. There are reasons 
for that which I cannot go into now. This section, which has 
reference, not to the coal measures, but to the limestone part of 
the carboniferous formation, runs from Leicestershire up into 
Scotland. You will note that at the southern boundary of the 
limestone, though there are inter-bedded masses of sedimentary 
rocks, they do not run very far into the limestone. But here on 
the north you get long tongues of sandstone and shale stretching 
far away south. Now, the reason of that is, the sediment whidi 
formed these small tongues on the south was brought down by 
rivers traversing only this narrow tongue of land ; and that tongue 
of land being very narrow, only gave rise to small rivers which 
ftould not be able to carry down very much sediment, and whichf 
becaase their velocity would be small, would be unable to carry 
that little very far into the sea; hence these wedges of interslra' 
lified shales and sandstone on the south do not reach \ery far ; 
bat on the nortli the rivers would drain a very large area of pro- 
bably mountainous country; they, therefore, would be large 
rivers, bringing down very large masses of matter, and on account 
bf their velocity would be able to carry that sedimentary matter 
rejT far out to sea. Hence we have these \oa£ \oftgAt^ q-r ft«t 

ining to a great distance out ataon^ >\ift\\TOft^V(«\.t. ^^ 



We will now sum up the siiccession of events tbaf went 
on during the time when the carboniferous rocks were bno|[ 
formed. Over an arta occupied by Scandinavia AJid the 
north of England, Ireland, and Scodand, there was the dis- 
tribution of land and sea shown on that map. At liret, in the 
L-enlre of ihis landlocked marine area, the water was deep, and 
itioiigh streams charged with sediment no doubt flowed into it, 
they would on entering this deep water have their velocity diect:ed| 
and would very soon after leaving tlie land part with their sedi- 
ment. Therefore the water in the middle would be clear and frci! 
from mud, and this clear water would be a fitting home for these 
lime-producing marine animals which form the limestone in the way 
I have described. Therefore there was formed there a great thick 
mass of pure limestone. But round the coast matters would be 
very different. The water there would be more or less muddy, 
and the limestone-creating animals would have by no means so 
ea-sy a time of it. Perhaps the water would be clear for a time, 
and they would be able to live and build up a layer of limestone. 
Then there would be an irruption of mud or sand which would 
either kill them or drive them away, and form a layer of shale a 
sandstone. Then, again, tlierc might be clear water for a time^ 
and the limestone-forming eninialj would come back imd form 
another layer, producing this interbeddlng ot shale with limesiooe 
-shown in that section. But after a time a change came ovei tlii» 
carboniferous sea. The sea bottom was gradually upheaN'ed ova 
the deep central space, and the water became shallow throughout. 
Tlie rivers now, when they entered this water, instead of having 
their velocity suddenly checked, would be able to keep up ihor 
currents and their carrying power over nearly the whole of the 
marine area, and in eveiy direction it would be traversed by 
streams of n-ater bringing in large quantities mud, sand, arm 
other such matters, \Vater fouled in this way would no longer 
serve as a dwelling place for the limestone-producing animali, 
and they would be cither killed o(^ or they would have to 
migrate to some more favourable haunts. When this Stats 
of things had been brought about, that is to say, when the !« 
was made shallow throughout, there set in a very gradual and 
regular sinking of the sea bottom, so that as fast as the deposition 
of sediment tended to fill up the sea, the sinking of the sea bottom 
tended to deepen it, and the two processes went on at the same 
mtej sediment, therefore, was constantly deposited in the sea, 
which at the same time remaineii ■ptTtn'a.TiwAVij shallow throughout 
I In this way shales aiid saMstoftea ■««« ^iimxci, "tsi.^ wwj wiw 
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ften a pause would occur id this sinking, and during tliia 
pause, the deposition of sediment would rapidly fill up the shallow 
sea; and when it had very nearly filled it up, perhaps a slight 
elevation of the sea bottom would lake place, and the whole oi 
part of the area would be converted into dry land ; and whenever 
this took place a luxuriant growth of dense vegetation sprang up 
UpoD tliis dry land, and as it grew and flourished and (he trees died 
and fell to the ground, there accumalated a great layer of dead 
vegetable matter. There would be very little admixture of sand 
or mud with t!iis vegetable matter, because the streams that did 
Snd their way over the nearly flat surface would be sluggish and 
unable to bring much with them, and what little mud they did 
bring would be filtered out of them as they trickled through the 
dense mass of undenvood tliat grew all around this forest This 
is dearly illustrated by Sir Charles Lyell by the case of the cypress 
swamps of the Mississippi, where he noticed that though the 
water all around was largely charged with sediment, but that 
after having trickled througli the undergrowth that surrounded 
the trees on all sides, it issued quite pure. If the plants actually 
grew on land, which tliey most likely did, this land was probably 
only just raised above the sea level. Every now and then a slight 
sinking would occur, which would bring the mass of vegetable 
matter just below tlie surface of the water. Then into this water 
luud or sand would be poured and form a thin layer of shale and 
sandstone. Then, if as light upheaval occurred, fresh vegetable 
growth would take place on the top, and another bed of coal 
would be formed ; and then, if this sunk again, there might be 
Haothcr thin layer of shale and sandstone formed, and above that 
another mass of vegetable matter. So that in this way, what are 
Called, in mining terms, " partings" between the beds of coal were 
brought about. The most striking instance of this is in the ten-yard 
coal of South Staffordshire, which is made up of many beds of coal, 
twelve or thirteen in number, which in one portion of the field all 
run together, making one great mass of coal ten yards thick. 
As you trace these beds northwards, diey are gradually separated 
by wedge shaped masses of shale and sandstone coming in between 
thero. That was brought about in the way I have described. 

Again, sometimes during the formation of beds of coal, a large 
river would by some change of physical geography be turned upon 
B bed of vegetable matter and eat out in it a great valley, such as 
irc have shown here. You have here a thick bed of coal gradually 
vedging out to nothing. In this case there is no doubt that it was 
iH%m«lly a bed of ci^ of uuifona thidiAH^ %U«\Kbis>'&vi«. "J^ 
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wliole urea, and that a river was turned across tlie _ _ 
vegeUlile matler aud cut out in it a hollow, and afterwards 
filled up the holloiv, and the place of the coal was taken by sandJ 
Stone. These tilings are of constant occurrence, and arc known 
as " rock faults." 

I do not know that we can point to anything now-a-days that 
exactly resembles the slate of things that must have gone on durii^ 
the time these coal measures were formed; but thetearea great many 
cases whicli are strikingly analogous to them. I shall not attempt 
to describe them to yoti, but may just mention the mangrove 
swamps that very often fringe the coasts in the tropics, and the 
cypress swamps of the Mississippi, which Sir Charles Lyell has 
described so well; and also the great dismal swamp of Virginia, 
which appears to mc to furnish the nearest analogue to the stale 
of tilings ihat existed during coal measure times. This is well 
described in Sir Charles Lyell's second visit to the United States. 
And I recollect reading an admirable description of it in Dr. 
Russell's (Times correspondent) account of his travels in the 
Southern Slates of America during the war. Dr. liiissell did not 
pretend to be a geologist, but he described what he saw, and hU 
account is a very valuable contribution to geological knowledge. 
There is no earlhly reason why any working man — and I believe 
I am addressing mainly working men to-night — who has his eyes 
and wits about him, should not, by noting and describing what 
he sees, as Dr. Russell did in this case, add to our stock of geolo- 
gical knowledge. 

I have just one more point and then I have done. Vou will 
very naturally ask me, if these coal measures once stretched overall 
this area coloured blue on the map, how is it that we have been so 
unlucky as to have so little of it left ? The reasons are very 
simple. Originally these beds of coal, shales, and sandstones lay 
stretched out in level planes, as shown in that section ; but after a 
time, the slow subsidence of the sea bottom, which had gone on 
continually during their lormation, ceased, and a great upheaval 
took place. And not only were the beds upheaved, but during 
their upheaval, they were thrown into hollo«'s and bent into 
arches; so that instead of lying flat, they came to take such 
shapes as this. [Here the lecturer drew a sketch on the black 
board]. Now, as long as the bedsjay flat at the bottom of the 
sea they were safe enough, because through the deep water 
no powerful currents could run to wear or denude them away; 
bat directly they begin to be moved up into these folds and 
vchesj t/je crests of the aiches ^q\j\4 \)ft twJt'^t up nearly to the 



level, and they would then come within the destructive action 
of the sea waves, and the sea pared them off, sHce after shce. 
You must not suppose that ttie folding was produced all at once 
1^ any violent movement The folding and upheaval probably 
went on very slowly and gradually, and as bit after bit of each of 
Ihese crests or arches was brought up to the sea level, it was pared 
off in the manner I have shown. Further upheaval would bring 
Btill more within reach of the action of the waves, and still more 
ivould be pared off; and so it would go on paring and paring off, 
antil at last we should only have left the parts which occupied the 
Jepressions or troughs, and the portions bent up into these arches 
vould be totally swept away. That is the reason why we have 
mch a small portion of the original sheet of the coal measures left, 
ind also why the portions we have lie, almost invariably, in 
roughs or basins. If you ask me what it was which brought 
his upheaving and folding of the beds, I can only answer that 
his is one of the great problems of geology which still wants solu- 
ion. Several plausible explanarions have been offered, but as 
ret we know nothing for certain aBbut tlie cause of such move- 
nents. 

I have tried your patience long enough ; and I have to thank 
fou for listening to me so attentively; but I have by no means 
exhausted the subject. All I have had time to do has been to 
sketch out the outline, and I must leave you to fill up the 
jelails for yourselves. However, I shall have done all I could 
reasonably expect, if for the future a sandstone quarry or a block 
it coal becomes more full of meaning to any of you than it was 
before, and if I shall have aroused in you an interest in one of 
Jie many curious stories which natural objects have to tell us if 
ire only learn how to question them aright. 

On the motion of Alderman Rumnev, the thanks of the audience 
were given to Mr. Green for his very interesting and instructive 
Icctuie. 
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THE SUN. 

A LECTURE 
NORMAN LOCKYER, ESQ., F.R.S.-? 



Roscoi;, in introducing Mr. Lockyi^r, said iliere was no 
living who knew more about the physical constitution of ihc 
Hun than their distinguished lecturer, to whom he felt much in- 
debted (or taking the trouble to make a special journey from 
Ixtndon to deliver this lecture. Dr. Roscoe also expressed his 
indebtedness to Mt. Harrison for placing the whole of his apparatus 
at their disposal, and superintending its use himself. 

Mr. LocKVER said : — U is a great satisfaction to me to know 
that in coming before you to-night to say a few words (for, after 
all, in an hour or so one can only say a few words) about the sun, 
my way has been made smooth for me by that altogether admirable 
discourse which has recently been delivered to you by Professor 
Roscoe. He told you how Newton arranging the facts which 
he had inherited from those who had gone before him, touching 
the action of a little piece of glass called a " prism," discovered 
thai white light, including the light which we get from the sun, 
consists of different colours ; and Professor Roscoe also told yotl 
Iiow Wollaston, Fraunhofer, and especially Kirchhoff and Bunseili 
look up the wondrous tale, until, at last, nearly the whole story 
which IS to be read, by those who are cunning enough to read it, 
in that glorious cypher-band which is called the solar spectnini, 
was placed before man's view, and the secret of tiie sun, to a very 
larse extent, might be said to have been revealed. This, then, is 
g point to-night. I take it for granted, not only that si 
' were privileged to hear it have recollected that ii 
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. but also that ihc size of the smi, its distance from i% ( 

how the planet on which we dwell is but a little atom, so to speak, 
travelling diligently round that sun. year after year — 1 say I lake 
it for granted that what we maj^ call the " Sun's place in Nature " 
and the niost important solar discoveries of Kirchhoffand Bunsen 
are, to a certain extent, familiar to you. 

Now, you will have understood, from what has already been 
placed before you, that the work which was done by Kirchhoff 
dealt with the sun, to a very large extent, as if it were a star. 1[ 
is quite true that the sun is a star ; but it is the nearest star ; and 
it is on this account that we have been enabled recently to malte 
some advances, probably of some importance to scieace. You 
i:ncw that the stars are so very far aw.iy from us that, even with 
the largest telescopes which we ran command, we can never get 
anything more out of them than a small point, the brilliancy of 
that point in the telescope depending upon the size of the tele- 
scope ; we can never make a star look as large as the sun ; nor can 
we make it look as large as even the smallest of our fellow planets. 
But with the sun you all know the case is different. Not only is 
the sun obviously very much larger than a star appears to be 
because it is so much nearer to us, but it is so large that sometimes 
wonderful things called " spots," are even visible nii die sun to 
the naked eye, Now, the use of even a small telescope enables us 
to observe the different parts of tlie sun's face, and so you see we 
are in a position to learn very much more about the sun than we 
can about the stars. I should like, before I go further, tlierefore, 
to give you, as it were, a general view of tlie suu, and explain some 
of those phenomena which have been long known to those in- 
terested in the subject. Now here, on this screen, we have a 
small portion of the sun represented. It is not tlie whole of the 
sun, as you see, but it includes a part very near the sun's edge, ot 
as astronomers prefer to call it, the sun's "limb;" and you see 
that on the general surface, which is represented by the brighter 
portion of the diagram, there are here and there darker portions, 
these are the "spots." There is one very obvious spot there, 
and another there; and there is another one here, nearer the 
sun's edge. 

Now I hope I shall have time to explain a few liard words I 
shall have to use as I go on ; so that I may as well tell you at 
once that the brighter portion of the sun which you see here is 
called the "photosphere"; that is to say, the " light sphere"; 
because most of the light which we get from the sun comes from 
that portion. The meaning oj t^e Veita " wm s^itif speaks for 




ilstU'. Here and ihere, in addition lo the siiots, you sec s 
portions wliich arc brighter tlian the rest of llie surface of the 
jr the photosphere, and these are called "faculie." Now "facul 
jimply means " torches ," faaiht being the Latin for a torch ; anT 
the ^ople who first gave names to these ihingE ca.ited "Awsr. 
hng^lMT ^lonions "faculie," and tbcse d\mmeT \\ot<\Qt\^ "' TOswi:^ ", 
and ihc oiUeT mea.uvD^ ^i Otfft-^ T&'Wg* 



will show ycm next one of ihcse spots on a larger scale, atii 
you will see that a smi spot is a very wonderful thing indeed. 

This spot was one drawn years ago by a distinguished astonomer 
lining i« Rome, where the sky is much clearer than it is here, and 
therefore he was able to obser\-e it better than we generally can, 
even when we have large telescopes at out disposal. Here you 
see is the general surface of the sun, the photosphere, and here 
is the spot, and you see at once that in the spot itself are different 
regions having different shades. I beg you to bear that in mind, 
because as I go on I hope I slidl be able to explain to you what 
these shades mean. For a long time men have been endeavouring 
lo get at the secret of tliese spots ; and here is a drawing more 
Ihaii two hundred years old, which will show you that people at 
that time had got a very definite notion, as they thought, as to 
what a sun spot was. Here you see arc blazing fires— torches — 
presenting the brighter portions of the sun ; you see at Once why 
lliey called them " torches" ; it was because each of these flame- 
hke ixtrtions represents a torch ; and here, in these other poitJORj 
of the sun's surface are darker bits, which if j^u were nearer you 
would see are intended to represent smoke ; the smoke of course 
dimming the light of the sun which was below it. 

The first great fact which was got from the study of Xheae spols 
(it is a fact I am anxious to set before you, although it does not come 
within my lecture, properly speaking) was this — that this great sun 
is very much like our own earth, in so far as it rotates on aQ axis 
in exactly the same way that our earth does. Not only do the 
spots change their position on the face of the sun, in consequence 
of the sun's rol;ition on its axis, but they change very much frgoi 
day to day and even from hour to hour; so that we have 
evidence not only that the sun is rotating like our earth, but 
that the atmosphere of the sun is subjected to most tremendoiis 
storms ; storms so tremendous, in fact, that the storms on our 
own earth are not for one moment to be compared with diem. 
The fact that the spots do really move with the sun, and arc 
really indentations, saucer-like hollows (that is the next point I 
\vish to impress upon you) in the photosphere — in that brighter 
portion which I have brought under your notice — ^is shown by the 
appearance which is always presented by a spot when it is near the 
edge of the sun. You know if you take a dinner plate and Iqok 
it lull in the face it is round; but if jiou look at it edgeways it is not 
round. Here are two different views of ihe same spot; there 
fou look the sun spot straight in the face, and yoti see into it and 
can learn all about it; but. h«e, where \\,\i'jx ■ftts.-A-j ^onc round 
(Ae comer and is disappearing on liic SMfJs ti^^jiWsw;'-*^ ■■ 
Jbiae way thit yoa wo^ld see a v\a-^e\aQY.^i~- "'^ — ""^ 



' 'The limited time at my disposal has made my few words ahmt 
the geueml appearance of tlie sun very hurried ones ; but some 
of you ivill already have suggested to yourselves that I have Jiot 
yet finished about the actual appearances touching the sun. You 
*re quite right. Up to the present moment we have been deaJiiig 
with what we may call the "\vorkaday" sun, the sun as he 
generally appears — the sun as we know him best. But somelimeH, as 
many of you know, the moon comes between us and the sun, 
and then we get what we call a "partial" eclipse of the sun ; aiid 
you also know that if the moon comes right between us acd the 
fiun, all the sunlight is cut away from us, and we get what is called 
a "total" eclipse of the .svm. Now I will show you a photograph oi 
the sun taken by the astronomers in .America, when it was partialiy 
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saffsed in the year 1869. ntvl ymi will see ihat ihe only dHfi 
berweeu do eclipse at nil and a partial eclipse of the sun is tliat we 
do not see so much of the sun as we otherwise should do. Here 
you see is the general surface of the sun ; there is its outside ec^ 
and hure is a spot. I do not know whether all iif you can see 
that spot — it is rather a small one — close to the edge of the sun, 
but you can all see that the edge is just as we usually see iu 
But when we get the sun totally echpsed, — when all the sun is 
cut away from us, — then we see certain things which we do 
not sec when the sun is not eclipsed and when the sun is 
only partially eclipsed. The importance of observing these 
things, and of learning all we can in the precious moments 
ol a total eclipse, is the reason why cirilized gavemmentx, 
whenever there is an eclipse of the sun, send out expeditions 
to those places where the echpse will be seen as total, tor 
instance, there has recently been an eclipse of the sun visible as n 
total one in Spain, North Africa, and Sicily, and consequently 
civilized governments sent out expeditions to observe the sun in 
those places. 1 will now show you exactly what I mean. On 
this diagram you will see parts of Spain, Africa, Italy, and Greece, 
and the curved hnesshow the regions in which the eclipse was to be 
seen as a total one in other places. The moon only partly covered 
the sun, as it did at Manchester, as you will remember, conse- 
quently we had parties in Spain, Africa, and Italy, observing the 
eclipse. Now let me give you some idea of what those parlies 
saw. You see on this picture indications here and there (round 
tile black moon, which hides the sun) of little bits of light; and 
at first you may wonder what they mean. Allow me to tell 
you. The workaday sun, when this picture was taken, was 
entirely covered by the moon, but strange to say, in those regions 
just outside the sun, where generally we see nothing whatever, are 
here and there, as you see, bright points of light ; and here and 
there a sort of hazy light, which reveal to us something new. 
Here, in the next picture, in the same eclipse of 1869, the moon 
has moved a little over the sun, and those bright tilings that W€ 
referred to before have now changed, simply because the moou 
has changed her place, and because the regions near the sun which 
were covered before ore now uncovered, so that these strange things 
can be revealed to us. So that you see even from these diagrams 
which I have already shown to you— diagrams, let me tell you, 

printed nnd warranted by the sun, for the hand of mam \ 

never (ouchcd them— these pictures, I say, show yoi 
Imse regions round the sun wh^i? \iv« t>a,\s.e;4 e^ti^wiii i 



■«3 

eclipsed sun, sees nothing whatever, tiiere are all sorts of strange 
and wonderful things. Next I must tell you that these 
wonderful things have been seen for a veiy long time. And I raay 
letl you that these wonders to whicli I have referred have ouly been 
half showD to you. You saw that close to the moon, where the 
dark moon was covering up thesuu, you had here and there |)oints 
of light. The reason Hut you had only those points of liglit 
reveded to you was not because they are not the only things 
which are seen round the sun during an eclipse, but because they 
are the brightest things, and so die photographic plate registered 
them sooner than it would register otJier fainter things outside the 
sun. Mr. Harrison will now show you some pictures taken in 
different eclipses, in which you will see that outside these brighter 
portions, you get other and fainter appearances further away from 
the sun. And I may tell you that the understanding of these 
things is at present almost beyond the best of us, so mucii do 
people who try to find out all about them vary, not only 
in the accounts they give of the things they see, but also 
in their explanations of what they mean. Now here is a very 
remarkable series of drawings, made by a very distinguished 
astronomer during the eclipse which happened a few years ago. 
Here you see, close to the body of the moon, we get a perfectly 
distinct ring ; outside that ring we get another ring somewhat less 
distinct; and then, in addition to those two rings of differenl 
brightnesses, we get five rays, as seen in one picture, in one 
piuticular portion of the sun's limb or edge. Now the middle 
picture represents the same eclipse after the moon had travelled a 
little more on to the sun; and there you see that those five 
rays have almost disappeared, and you get some new ones in 
different places. Here is another picture of the same eclipse, 
taken by the same obseu-er when the moon had travelled still 
further over the sun. 'I'here you see the rays which we first 
observed have almost disappeared, and a new lot of rays 
altogether is developed on the other side of the sun. Astronomers 
for a long time past have agreed to call those brighter 
portions which 1 showed you in the first diagram the solar 
" pronrinenccs," or ''red flames;'' and they form part of an 
envelope round the sun called the Chromosphere — that is, colour 
sphere— as it is in this region that the various colours are 
seen in eclipses, the outer rings and rays, and other strange 
looking things, which have been observed, have been called 
collectively die "corona;'' so that over the workaday sun, the 
Qtm, as we see it everj- day, we have \)t\g\v\. s,^te wifi. ftaSt. "sy** 
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to account for; and in an eclipse of the sun we have tliose brigrtPt 

jjordons close to the sun, c;illed iKe "|iioinmeiices, " and the 
" chroinoiphere" to account for, and al^o the irregular ring of 
light and those rays extending further outside than the chromo- 
sphere itself does. 

Now what I have to do to-night is to tell jtsu just as much ga I 
can of ihe manner in which spectroscopists have attempted to attack 
these questions, and to give you as fairly and as honestly as 1 can 
what I believe to be Ihc conclusions they Jiave arrived at Now 
you will see in a moment that to do anytliing at all with the Sim, 
separating a spot, say, from the facular, or separating (he oiitdde 
part of the sun from the middle of the sun, or the region outside 
the sun from the body of the sun itself, we really muat no long« 
be satisfied with the method adopted by Kirchhoff and Bunsoi, or 
Wollnston, and the rest of them, of dealing merely with a 
solar beam, but we must, literally, take the sun to bits ; we must 
deal with here a litlle and there a little ; we must use this magni' 
ficent instrument, the spectroscope, which, in the hands of 
Kirchhoff, as Professor Roscoe told you so truly and SO weD, 
has worked \vonders, which has given us the largest crop erf 
facts that we have got during this centur)- ; we must, I say, take 
this spectroscope, and, instead of dealing with all the light from a 
star, or all the light from the sun, we must take the sun to bits, 
and work at it litlle by little. The smaller ihe portion of the Sim 
we deal with, the better will be the result that we shall get. Now 
you will see how this is to be done. Nothing is so simple. 
IVlien KirchhofF and Bunsen wished to observe the gun, ttiey 
immersed their spectroscope in a beam of sunlight, in the same 
way as Newton did, and that gave them the light of the sun, 
so to speak, upon the average, as we get it when viewing the 
sun or a bright cloud in open daylight, making no difference 
between the light which comes from the outside of the sun, and 
the light which comes from a spot, or from a bright portion. 
But this method will not suffice if we wish to examine a part of 
the sun by means of the spectroscope. In this case we must first 
get a telescope to form an image of the sun, and then we must 
so arrange matters that the light which comes from that particular 
part of the sun we wish to examine shall alone enter the instrument. 
We now come to tlie first great facts revealed to us by both dicse 
methods. ITie use of facts in astronomy, as in anything else, fe to 
test our notions of things, and to help us on in the path of know- 
ledge. Now, it so happened t^at our Vna-KV^i^eotxtieaun, obtained 
-6^ the telescopCf was t^emenO,o^!.s\v «v^ctV.-j 'Cci^feK^m-j "A^Jroita 



hoflTs, to which ProreEsor Roscoe alluded. U[) to llie time that 
Kirchhoff made that wonderful experhnent by means of a hitle 
sodium flame, which showed us that the sun was an incandescent, 
that is, a terribly hot body, surrounded by a cooler atmosphere — up 
to that moment, I say, the opinion of a very large number of astro- 
nomers was — as Sir Wilham Herschel had announced in the last 
century— that the sun itself might be a cool, habitable globe, inwhich 
people like ourselves might live and move and have their bemg ; 
that there might be beautiful fields, high mountains, cioudy skies, 
and the like, exactly as we have here ; but Kirchhoff, with his 
spectroscope, said that it was nothing of the kind, that there 
must be a state of intense heat in the sun, and that, therefore, 
the sun could not be habitable. Sir William Herachel accounted 
for the spots, those dark regions of the sun which I have spoken 
to you about, by supposing that the brighter part of the sun was 
an atmosphere of cloud whidi here and there was broken open, 
allowing the cool, dark body of the sun itself to be seen. I need 
not go into details showing how he explained that that envelope 
which gives us all our light and heat should have been rendered 
rather a pleasant thing than othenvise to the people who were 
living below it. That is not necessary on the present occasion. 
But I wish to show you one important consideration connected 
with Kirchhoft's theorj', who, by the way, held that sun spolt 
were clouds floating in an atmosphere above the photosphere. 
He, as you knov/, wanted something solid or liquid, giving a 
continuous spectram — I quote Professor Roscoe's words — and 
outside that he wanted an atmosphere, absorbing here a little 
and there a little light in the spectrum, bo that the Fraunhofer 
lines — those dark lines which you see in the solar spectrum — 
should be accounted for. Now I think I am not going beyond 
the mark when I say that Kirchhoff himself, and all those who 
followed himj came to the conclusion that the real atmosphere 
of the sun was the Corona which I have just shown you 
on the screen, as revealed to us during an eclipse. Vou know 
that it must have been a comparatively cool atmosphere because it 
was essential that the atmosphere should be cooler than the 
vaderlying substance, or else you would not have the Fraunhofer 
lines at all. All that has been tliorougldy explained, and I need 
not go into it. 

But let me now show you how admirably the new method 
of taking the sun to bits enables us to settle the question 
mice and for all by a single observation. As I told you, 
SirWiUiaai Herschd came to the concWwjau 'te».^ws».'^V^'* " 
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really a liule in ihe sun's clouds, whidi enabled us to see Hie daA 
boily of the sun. Now that was entirely exploded by Kirclibofl's 
discovery. But after Kirchhoff's discovery there were two reasons 
given to account for a sun spot which you will see do not 
at all agree with each other, or with the explanation given by 
Kirchhoff himself. A distinguished Frenchman, Monsieur Faye 
said that a sun spot was seen by us as a sun spot because there we 
lost the light from the outer envelope of the sun, and got 
but a feeble radiation from the intensely glowing interior gases of 
the sun ; whereas English observers, and among them Dr. Stewart, 
a townsman of yours, eave verv good reasons why this 
could not be so, and hcfd that a sun spot was black because 
the light and heat, which the sun must be giving out there, as 
everywhere else, had been gobbled up, so to speak, before it got 
to us, so that it came with a balance on the wrong side of 2ie 
account. Now let me show you on the screen the sort of thfng 
which we have as the representative of the new language of Ihe 
spectroscope as applied to taking the sun to bits. In this case 
we are looking at the orange portion of the spectram of a sun 
spot. I am afraid that this will require some hitle explanation, 
but if you will bear with me one moment I think ' '-Ul be able 
to make it clear to you. You all know what that wonderful 
double line D means; it is the absorption line of sodium seen in 
the solar spectrum. Now here is the double line D, as seen in 
a spot spectrum ; and I beg you to obser\'e that along the 
spectrum we have a shade, showing that the spectrum there is 
enfeebled all along its length ; and if the screen were large 
enough for me to have a diagram giving you the spectrum as 
seen from the red to the extreme violet, you would find that you 
would get that general enfeeblement all along. In addition to 
the general enfeeblement of the light, you get a wonderful thick- 
ening out of this classical double bne P. There, you see, it 
widens out gradually ; there it widens out suddenly. 

Now what does all this mean 1 Allow me to recapitulate what 
has been told you before, that solid, liquid, and densely gaseous or 
vaporous bodies give us a continuous E])cctrum. Let me show 
you what I mean by a continuous spectnun. Mr. Harrison 
will now be good enough to throw on the screen a spectnun, 
which I am sure most of you will recognise as the beautiful 
spectrum which you have seen before in the rainbow. I may tell 

lu that the great point I wish to bring before your notice, in the 
U instance, is (hat the specttum la com\ikte from red to the ct- 

ie//mj'fo/tiie violet. As yousee\XQ'a^V5Ktcw»'w3*w.%'«yaSii 



Tie more beautlliil I ai» sure you will all acknowledge. Here, then, 
we have what is called the " continuous" spectrum ; that is lo say, 
there is no ieavmg off of the ligiit ; there are no gaps. Now that is 
the sort of light we get from a solid, or a liquid, or a densely gaseous 
or vapoury substance, whatever it is ; whether it is a match ; 
whether it is the interior of the sun ; whether it is coal, iron, steel, 
mercury— anything — we get that same sort of spectrum ; and as 
long as we have that sort of spectrum, we do not know what the 
particular substance is that gives It, we only know that it is a solid, 
or a liquid, or a densely gaseous or vaporous substance. But if we 
deal with a gas or a vapour we get something perilctly different 
You see at once that the moment the slit is narrowed, ard we 
begin to deal with the gases and vapours which are in that lamp, 
that we alter the continuous spectrum entirely, and get a discon- 
tinuous or broken one. 

Now I want you to be kind enough to allow me to define four 
important things. The giving out of light by such an arrangement 
as Mr. Harrison has in that lamp, is called the radiation of light. 
I want you to allow me to call that general giving out of 
light "general radiadon;" and I ^vant you to let me call that 
giving out of light such as you see now diseonlinnous, and I 
thank Itlr. Harrison lor enabling us to see these things so 
well. 1 say I will call that "selective radiation." So tliat the 
giving out of light may be of two kinds, general in the case 
of solids, liquids, or dense gases or vapours ; and selective if we 
are dealing with gases or vapours which are not dense. So much for 
the giving out of light, or radiation, — all this by way of reminder. 
Now I want lo deal not only with the giving out of light, but by 
the stopping of light ; and I will tell you exactly what Mr. Harrison 
has done. He has been good enough lo smoke a piece of glass, and 
he will stop the light as well as he can by means of that piece of 
smoked glass. Now I think all of you can see that wherever that 
glass has been smoked, we get the light passing through it eaten out 
all along the spectnim. In fact, the stopping of the light here is 
as general as the giving out of light was in the first case, so that we 
match general radiation bygcneral absorption. Now if Mr. Harrison 
would be good enough, instead of using smoked glass, to give us such 
a substance as red glass, or any similar substance which we know has 
a peculiar action upon light, you will see something very different 
St once. There is red glass. You see that now we have not to 
deal with what we had to deiil with before in the case of smoked 
dass ; we have not to deal witli something which stops out all the 
light equally, but we have lo deal with something wl\w;h st'a'5*«»& 



■II tbe liglit except ths red, exactly st in tadiadon wt had to 6t 

Willi tilings wlimi gave uui J ,i..c iiuic jnQ Uitre, aud did not 
give ;is light all ovtr ihe spettriira, Th's nol only shotvs why 
red glass is red glass, because iE allows the red kind of light to 
pass, but it shovs tliai ive luve general and selective radialioa 
balanced by general and selective absorption. Here again you 
see absorption due, not to red glass, as before, bm to a diSauM 
substance ollogctlier — to chlorophyll. And now it 18 the gceen 
pait iif the spectrum which is alone left, and not the red. 
So that when we send light through bodies we liavc a kind 
or action which is exactly similar to the kind of actioD 
which we get when we have light coming to us from briliiaollir 
incandescent bodies. Now you will see, in the first place, 
in this picture of the spectrum of a spot, that wc have no 
indication, first of all, of bright lines. This is a faithful copy 
of nature, and yoii see there are no bright lines at all. Here, 
then, is a single observation, disposing for ever of the Frontii 
idea that a spot was due to the radiation from an intensely 
heated interior solar gas. I do not know whether I have made 
myself quite dear. But now let us see how it bears on Dr. 
Stewart's idea These horizontal bands which you see here are, as 
you will understand in a moment, indications of general absorption, 
The Bcneml n I isort ■''"!■> '<■ "•■ f\niM due tn dense gjses or dense 
vapours, which, as 1 have just told you, if they were intetisciy 
nidiating, would give ns a continuous upectrum. Get d dense 
gaa, make it incandescent, and its radiation is continuous. Get a 
dense gas as you have it on the screen, and instead of rAdiatjng m^a 
it absorb iha light, put it between yon and a substance whicti 
is radiating, and its absorption will bo continuous. So dial (O f« 
as these horizontal bands go, they show you we have to deal with 
absorption due to dense gases or vapours. Tiiere is some denn 
gas or vapour which is cutting off from us thi sun's light viien i 
spot is, and that is one reason that the spot is darh. That is (ho 
plain English of the thing. But that is not all. I will now draw 
your attention to that thickening of the sodium lines. I shall «ho# 
you, by and by. that that thickening of the sodium lines nol only 
enables us to say that the sun spot is dark because there is some 
dense vapours there, but it enables us further to say that th« wn 
spot is dark because among those vapours is sodium vapour. I 
miLjhl parallel that in the case of other lines in the solar gpeOr 
rrifro, but I have takeo the case of sodium as sufficient for my 
purpose for tlis present. Now there vs anodier very curious fuA 
ly/iich J beg your attention to \n coYvaccUcm stv&i 'n'wix. \ ' 



said : and 1 hope have been dear, because it is imporlant that you 
Siiould get this tfioroughly into your minds. 1/ we oaserve the spcc- 
irum of the facuU'e, instead of observing the spectrum of the spots — 
ihat is to say, if we observe the spectrum of the brightest bit of 
atm that we can find, instead of the blackest bit of sun we can 
find, we shall discover that that bit of sun is brighter, for 
two reasons ; first, there is no absorption at all of the general 
Wind, no absorption stretching along the spectrum in that horizonia! 
way which you see there ; and, secondly, all tlic lines which at; 
thickened in a spot are thinner in a facula. 

And now I come lo a part of my subject which probably may 
startle you, if you are not already familiar with it. I have shown 
you that there are a good many things round the sun which we do 
not see except the sun is eclipsed ; and you will take it for granted, 
I dare say, tliat the new method of taking the sim lo bits, as I have 
called it for simplicity's sake, has nothing whatever to do with those 
things which wb see outside the sun during an eclipse. Nothing 
of the kind. The spectroscope has a good deal to say to those 
things, too ; and yon will say how ? Well, I will tell you. ^Vhat is 
the reason that we don't see these things except during an eclipse f 
Recause the region of oar atmosphere near ihe sun's place is lighted 
lip by the sun .so brightly that we cannot see them, any more than we 
can see tha stars, but we know that the stars are iliere, and we 
know that these things round the sun are there, for night comes 
and we see the stars, and now and then the kind moon comes 
ond cuts off the sunlight, and then we can see the things 
lound the sun. But the spectroscope very fortunately does 
come to our assistance, if, for one moment, we are willing to agree 
th»t those things round the sun are not liquid, solid, or densely 
nseous, but are built up of gases or vapours, whieli arc so little 
dense tlial they can give its bright lines. And for this reason. 
If we gel the spectrum of a solid," that continuous spectrum which 
you have already seen most beautifully represented to you upon 
the screen, we can, by adding prism after prism, prism after prism, 
maka that spectrum s.o dim thai you can hardly see it at all. Wc 
might say that, in the case of the continuous speetnim, nature is 
prodigal of her light, she spreads it all ever the place, and 
by spreading, weakens it. But now, mark what happens if, 
iffslead of a continuous spectrum, we have what I have 
itured to call the selective spectrum, the spectrum, for instancs, 
■ ich all the light consists of one, two, or three lines. 
that case, by adding on prisms, we do not spread that 
h still oiic, two, or ihtcu \inw, ^VQv.-iissx wawj ■•^v'ssis* 





Kut, and it is not sprcatl all uver the place in die sStite 
T that tlie continuous spectrum is, which you saw was complete 
jbg tliu spectrum from red to the extreme limits of the violet. 
) that you see in an eclipse we have the moon cutting 
off the light n-hich hides these solar append^iges Ihim U 
CKcept during an eclipse, and we have the spectroscope, atnWli 
with a large number of prisms, doing exactly the same lluD^.i 
it kills the atmospheric light in one case, and the moOQ 
does not allow tlic atmosphere to be lit up in the other. 
So that in either case, whether ttie sun is eclipsed, or whether 
we use a powerful spectroscope, we should see these thisga- 
round the sun if we assume that they are built up of gases at 
vapours. I will show you the instrument by which it has been 
attempted lo artificially eclipse the sun in this way, and I thinfc 
you will see in a moment how the thing works. Here you 
see is such a system of prisms as I have just mentioned to jou. 
Here is the slit of the spectroscope, and through this apeitorc 
in the eye end of the telescope the image of tlie sun is thrown 
into the sHl The light is taJcen up by that instrument which 
you see there, and it is brought round and turned, and twisted 
through all these seven prisms, till it tics a true lover's knot, and 
conies back again, crossing its own path, and is driven down to 
the eve oi the observer. So that instead of having one or two 
prisms, as Mr. Harrison Las in his arrangement, we have no less 
than seven prisms to disperse tlie atmospheric light. And, as a 
matter of fact, I can tell you that the action of the prisms is so 
satisfactory that no atmospheric light whatever gets through that 
instrument to the eye when the sky is perfectly clear. Well, 
then, you will ask, How about the things round the sun ? Well, 
the things round the sun are easily visible in that instrument Let , 
rae show you how they appear to us. I must, however, tell you that' 
this observation of the prominences without an eclipse was firat 
made by Dr, Janssen the day after the eclipse which was observiM 
in India, in the year iS68. Let me show you now the sorty'of 
thing that we get by this new method, and by using, lUiis 
large dispersion, Vou must imagine that here is the slEc 
of the spectroscope, so arranged that half the siin'a image 
falls on the slit, and half of the slit falls off the image. 
So that here we havi: the spectrum of the extreme edge 
of the sun ; and here we have whate\-er we can get outside the 
sun. Now what have we got ? There is one of tbe lines whidi 
tee always see around the sun by this new method of taking the 
gan lo bits ; and I need not teW yoM fca.t,\\\softtci?i.\ve lines due 




to hydrogen ; because in wlwt lia^ hfcii told \im :tboiit the sular 
spectrum you have heard tliat the hue C {and this is nothing 
but the hne C in the solar spectrum— in the red end of tlie 
spectrum) is due lo the absorprion of the hydrogen. Nothing you 
see could be more beautiful than the absolute proof afforded by 
this of the accuracy of everything which KirchhofF and others had 
predicted with r^ard to the reasons for the lines. It was 
impossible in the then slate of science for them to put the sun 
and the hydrogen absolutely in the same instrument in the way it 
is done here ; but here you see the hydrogen of the sun abso- 
lutely where there is no hot sun behind it, giving you the 
bright line, and also in those regions where there is a hot sun 
bcmnd it, or, I should say, a hotter sun behind it, giving you a 
dark line. If 1 had time I could show you the other hydrogen 
lines which are seen by this new method. I think, however, you 
will now at once appreciate with what justice those who first named 
those strange things round tlie sun " red prominences" and "red 
flames," came to their conclusions with regard to colour ; although 
diat is not so easy as it seems, seeing that prominences have been 
seen of almost every colour of the rainbow ; and that is a fact 
which I hope I shall be able to ex|ilain to you, if time does not 
run away too quickly. I want now to show j'ou the red tinge of 
ihe eas in tliis tube. I do not know whetlier you can see it 
plaiafy, but if it were possible to show this gas under proper 
conditions, you would see not only that the gas in the lube 
is itself red, but that the spectrum which we get fiom the 
hydrogen in this tube is exactly the same as the spectrum which wv 
get from the hydrogen in the sun. I do not know that it would be 
piKsible to have a more convincing proof of die truth of what Kirch- 
hoff has toJd us wjih regard lo the ¥,«v\ Oft v\v\s, ^ta^L, K.'asisssw.'ti. 



tlisn, that wc have hydrogen generally round the sun, and ibat 
it i« always present, let mo icll you what next hapiiens. Into 
this hyilfogen are injected in the most beautiful ijrdi:r whenever 
tliere is a storm, underlying vapours, the bright lines of which 
vapours we generally see thickened in the spots, I hope you 
follon' that We take fox granted, on telescopic evidence, Owt the 
spot is a cavity. We assume, then, that the spot is a place fiiteil 
with these denser vapours which I showed you on the screen were 
indicated, in the first instance, by that general absorption, and then 
agnin 1^ that selective absorption in the case of sodium vafiouti 
and I lold you that it was possible to multiply these cases in tha 
matter of other things besides sodium ; and tiiCD you see goiujt 
lip outside the sun, when there is any great stale of disturbance, 
exactly diese substances tlie lines of which are thickened in the 
Spot ?ipecinim ; only when these substances come up, then these lines 
arc ihin, Now, what does all this mean — this thickening out of 
the line in some cases, and the thinning out of the line in Others. 
1 dare say it may seem to some of you a ridiculous distinction ft> 
draw. Surely, having got the Fraunhofer lines, and hawig 
settled to a very large extent what they all mean, it is rather hafd 
upon them to chide them when they are thick and chide than 
when they are thin. If you will bear with me for one moment I 
shall be able to show that we were completely justified in not 
resting content with these thickenings and these thinnings without 
trying, if possible, to understand something about them. And I 
may tell you that I think if anybody had time, and would, for the 
next ten or twenty years, employ that time in observitjg Ihi 
spectra, and determining the difiCTcnt thickening and thinning <rf 
these lines, he would do as much for science as any man 
could do in that period. You know what an immense thins 
was done when it was determined that by showing a line here and 
a line there in the spectrum you could determine the existence Of 
a. much smaller portion of the substance that was indicated by 
that line than you could by any otlier method. Now, In addition 
to the fact of these constant lines being given out by the satUA 
substance, it has long been known to those who have studjed tbl 
rjuestion more deeply that the same substance is competent tO 
give us different kinds of spectra; that is to say, that although 
the spectra in some cases have a general likeness here and there^ 
you do get a very marked distinction between the spectrum which 
foa get of the same thing as seen under one condition and as seen 
finder another. You may ask me >;a leU vo" what that 
condition is. W?U, I niyst teU ym to&^ ^^V '^'^ * ^*^^^ '«^* '"P**^ 
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even not at ihe present moment, doctors difTer. These gases are 
ottserved in tubes something like this which you see on the tables 
What we do is to get the electric spark, as we have here ; we then 
Oidke it pass tlirough a gas enclosed in tubes, as jou sec here, and 
then we observe the spectra entitled light. If we get a change 
in the spectrum of the gas or vapour, it is difficult first of all to 
find out to what that change is due, whether it is due lo increased 
temperature, — as we have power to vary the temperature — or 
whether it is due to difference o( pressure. Some people think 
ftne thing; some people think another; but tv/a workers in 
England have lately come to the conclusion that temperature 
per Si has very little indeed to do with these changes of spectra, 
except to render the spectra, when they exist, more visible, and 
enable us to observe them better ; but that pressure, which is tied 
up with the density of the gas or vapour, has really very much 
indeed to do with it Now some of you may have said lo your- 
fidves, I wonder whether this pressure has anything to do with 
Ihe tliickening and thinning of tliess lines? Well, it has every- 
ibing to do with it Fortunately in the spectrum of hydrogen, 
which I have told you exists in these prominences ; in the 
spectrum of sodium which you all know exists in the sun ; and in 
the spectrum of magnesium, we have Hnes which really seem to 
have been placed in those spectra by nature, that we might study 
these rin^ round the sun to better advantage than we should liave 
been Able to do without those lines. There is a line in each of 
these specira which thickens out in a most remarkable and 
beautiful way ; and we have shown, I think, beyond all doabt. that 
Ae widening out of these hues is really due to pressure Now I 
do not linoiv whether I shall be able to bhow you Ibis on the 
acnen. 1 will tr>-; but you must beur with us if «a do not 
succeed ; it is avery difficult thing to do ; but if I bucceed I 
^nk yoii will say it is worth while to make the trial. Now 
Ihcie IS one way. a. very delicate way, in which it is pos»ibIe 

JDU mai- see it ; but more wise than some people, wc 
Bve our reserves ; and if this first experiment does not suc- 
ccad we will bring up our reserves, which 1 think will help us. 
Let me tell ymi exactly what Mr. Harrison is good enough to 
»Ocmpi 10 do for us, We have some metallic sodium enclosed in 
Uut lamp, and we are going, first of all, if possible, to give its 
specirtim by means of a Fiiong current due to forty of these 
electric elements which are in this part of the room. Now with a 
given amount of tempeiature you will get a icrtain lliickncss of | 
Une. What 1 want you to see is, \\vtx w\i' 
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you will cet a varvinj? ihickness. I ihiiik you see now ih^tyougrt 
a muth ihic-ket double line than liefore, [Dr. Roscoe asked for 
the experiment ii» be repeated.] ^Ve will repeat that experiment 
once more, as it has succeeded. You see that the line tliickem. 
Now )-ou may think that this is a proof that I was wrong; that it 
is not pressure, that it is not density at al!, but that it is tempera- 
ture. We have an arrangement here which I think will put that 
beyond question. Let me explain what that arrangement is. We 
have some metallic sorlium in this case — not ihe source of 
radiation ; we do not use the sodium in the lamp, and examine the 
radiation from its vapour ; but we deal now with the absorption of 
the vapour. Now, as according to the change of pressm-c we 
get a thickening of the bright sodium line ; we ought equally to 
get a thickening of the sodium line, when instead of sending 
us its light radiating to us, it really is absorbing that light; 
because, as you have heard in the previous lecture, according to 
the theory of exchanges, the absorption and radiation are altvays 
equal. What we shall do in this case will be to heat the metallic 
sodium very slightiy in that tube, and as we heat it you will SM 
that the x-apour will be perpetually given off by the metalKc 
sodium, so that near the lump of sodium at the bottom, the cloud, 
so to speak, of sodium vapour will be denser than higher up away 
from the metallic sodium. I must tell you that as we have flie lens 
Ihere, the line will appear to be upside down on the screen. 
What I expect we shall get will be a dark line, somewhere 
near where you see that yellow line at present ; and I hope 
you will see that the thickness of the line will be greater 
at bottom than it is at the top ; and you have the appear- 
ance of things reversed by tlie lens. We have now the 
radiation of sodium as you saw indicated by that yeUow line. We 
shall hope to exchange the radiation from the sodium, which still 
exists in the lamp, for the absorption of the sodium vapour whidi 
Professor Roscoe is so good as to heat in that lube; and if we 
succeed, you will see a dark line in the place : thick wfiere 
the sodium cloud is thiclt, thin where it is thin, althongji 
the temperature is the same. Hence, then, it is not temiieratnift 
which causes the variation. But whether the experiineni 
succeeds or not, observations made upon the sun itself, ptU 
the question. I think, beyond all doubt. You will acknow- 
ledge that if it were a question of temperature merely, the 
J) ut prominences that gave bright lines on the sun should give 
us thicker lines than the cool absotlims clouds. Therefore, if »e 
get sodium prominences ott Xlie ^aW; ■«« ft'a^'vx Vs "wwt vtue 
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■diura lines thicker than we have them in a spot. Now liere 
a. case in whirh over the very thick lines of sodiuiii, as seen 
a spot (I think you will recognise these horizontal hnes 
fain, and this thickening of the sodium tine), we actually have an 
itremely bright and very thin sodium line, showing, according 
1 our idea, that at a high region in the sun's atmosphere you had 
doud of sodium vapour hotter than anything behind it, giving 
)u an indication of the prominence over the region where below 
the cooler sodium vapour is indicated by extremely thick 
[pdon lines. So that we have this new method settling for 
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spot is, and what a facula is. We liave this nM 
t settling for us what are those strange red flames seen 
J tlie sun during an eclipse, and we have it telling us some- 
ting about the pressure at work in the chromosphere. I might 
> on and lell you more about what the spectroscope enables 
i 10 determine with regard to these outer envelopes of 
le sun which are only seen during eclipses. I refer to the 
Jrona, which your townsman, Mr. Brodiers, has been so ex- 
etnely fortunate in photographing in Sicily during the last eclipse. 
tit I resene what I have to say about thnt for the extreme end of 4 



mr lecture. I hope you xn not tired. I have noi quite fiiudliedi 
I ahouUI hke to tell you that by this new method the rom» ol 
tbe prominences arc seen as well as those cypher hands, Ihoac 
' '"lieroglsrphics by which we can determine their natuie ; so diat b^ 
"tens of a prism, or a combination of prisms, we may first turn 
t instrument on lo the prominences, or on to a part of the sun 
en outside the prominences, and first say what tliey ore made of, 
and then, after that, by a certain arrangement of oscillating or 
revolving slits, &c., or even by means of opening tlie slit, Avithout 
the use of any absorbing medium whatever, it is perfectly easy, 
after we have fuund out what the sun is made of, to look at' it, and 
see exactly what it is like. I am sorry to say that in coming from 
London part of our apparatus got broken, which would have 
shown this. Mr. Heywood will now be good enough to throw npai 
the screen two pictures of some prominences seen by thin new 
me Jiod of merely opening the sliL It shows you tlie enormous 
changes which go on in these prominences. Otconrse, as longoi 
we are dealing with merely their cliemical nature, we cOAOOt 
examine much into their form ; and, therefoje, it is somewhat diffi- 
cult, alihough it is not impossible, to determine the amount o( 
change, But, when we have settled the chemical nature of any 
particular prominence on the sun, we can not only determine ite 
form, but we can determine its rale of cliange. Mr. Harrison will 
show you the changes that take place in the prominences nearly 
27,000 miles high, in the sjMce of 10 minutes, and I think you 
will acknowledge that, in the changes indicated by that picture on 
tlie screen, we get an idea of force and a conception of vastne» 
which it is impossible to become acquainted with by anything that 
we can study on this earth. And this brings me to anothti 
part of my story altogether, one that would have required 
considerable time to enlarge upon, had I not been able lo 
refer you lo Mr. Huggins's lecture, as I was able to rcfa 
to Professor Roscoe's lecture fur the basis of solnr chcnaistlT. 
Mr. Huggins showed you that by means of alterations id 
wave length, he was enabled to say that a certain star W*S 
receding from the earth at a certain rate; and, if I recollect 
he instanced the case of a swimmer who is swimming Wflh 
the waves, as agaiiut a swimmer who is s«"iinming against the 
waves. When a man is swimming against the wai-es he meefs 
and has to surmount very many more waves than he would hMK 
lo do if he was swimming «'ith the waves. You may imagine tfce 
cartf} to be a swimmer, and yow ma-j raa?,me the different heaven^ 
bodies to be llie source oE diffeieu^via.ves\fl\\\'£ftc(iTOs\.o>i\ttaak, 



immer, and wliich die eartii has to make the iiioat of. 

s {m our case they are waves of light) are receding, if 
_^ 'hich is paying out those waves, as a telegraph ship pays 
cable, is going away troni us, then you will see at once 
: will be equivalent to slretching those waves, that those 
will be longer ; but if we meet those waves and have 
,061 them, you at once see that they must be shortened. 
if I recollect, was the line of Mr. Huggins's argument, and 
'^oll was that he explained to you with considerable clearness 
the case of a planet, or of any celestial body which gives light, 
apprcHiching the earili, oii which we dwell, with any con- 
ile velocity, there will be an alteration in the length of 
,'lt waves, and that alteration in those waves will be deter- 
... and determinable only if in the spectroscope the spectrara 
_.iat body gives us hues. Now you kfiow that in the case 
of the solar spectrum it is full of dark lines from one end to 
die other; and in the same way sometimes round the sun the 
^eciruin of bright lines which we see, instead of the spectrum of 
hydrogen simply, is more or less complete from one end of 
the gamut to the other. But you will say, it is all very well for 
Wf. Huggins to measure the velocity of a star with reference to 
(he earth's motion by saying that a particular alteration of wave 
length has taken place in any particular part of the spectrum ; but 
Jkjw ore you going to work that in connection with the sun? Weil, 
allow me to show you. You see we are in presence of a new 
thing altogether, and this new thing would be explained if you 
accept tlie fact that on the sun there are these diflerent gases and 
mpQurs that I have spoken to you about, which in the case of the 
prcTTiinences change tremendously in the space of ten minutes, 
And in the case of spots change from hour to hour ; I say you will 
■undersUnd it if you recollect that tremendous changes are taking 
place on the sun, changes so enormous in fact that they are 
comparable to the velocity of light, and that we get just 
ai dearly an alteration of wave lengdi due to these changes 
OD the sun as we do from the actual translation of A Star from 
<Mt region of space to anotlier. Now let me explain _ to you 
this diagram. This line which you see is the dark line C In some 
cues, and in other cases, as here, the dark line F in the solar 
ipecinim ; it is, therefore, an old friend of yours ; you are quite 
Gunllior with it. But you will see at once that the moment we gat 
off tho sun itself, we get something perfectly new ; the line 
instead of being an upright fellow, as it is there, is twisted Hid 
turned in all sons of "ays. Now the e]c\>)anaiion which has beta I 



lint indicallnB Jiydrogeo is thrown out of 'n& proper place trffl 
spectrum, and has got into the region of longer waves ; that thr 
wave, as it were, is stretched, and, therefore, that it appears 
a part of tlie spectrum, where the longer waves generally live 
and here where you sec it tisistcd, not to the left, as in that caft 
but to the right, it has travelled towards the region of shorle 
waves because its wave has been shortened. Now what dl 
these two assertions mean ? 'I'hey mean that in tlial case, whicl 
I have indicated, that part of the solar prominence is leugthenini 
out its waves ; in other words, that it is going away from us ; ani 
that in this part of the prominence, in consequence probaUj 
of a sort of spiral motion, it is rapidly coming to us, as rapidly 
as that is retreating from us ; and by carefully measuring the 
distance to which these various changes and contortions 
(you see that they vary in every one of these diagrams) we can;' 
determine not only the (act that a portion of the prominence is' 
coming to lis or going away from us, but we can actually deter- 
mine the velocity with which it is going away from us or 
coining towards us, because the Fraunhofer lines can be really used 
as so many milestones. In this way we have been able to 
determine the existence of tremendous cyclones on the sun, 
or wind-storms you may call them if you like, exceeding 
anything that we can imagine here. We can watch the wind 
travelling along the sun at the rate of 1 20 miles a second ; wc 
watch the different portions of the solar envelope torn up 
carried high into the solar air at the rate of 40 miles a second—' 
40 miles a second, not 40 miles an hour — and in this way we 
have been enabled to shon- not only that there are tFemendous 
storms and wind currents there, but that they are the same sort of 
currents which you get in a tea-keltle, going far down uito the s 
much furiher down into the sun than we know anything about-7- 

Fig. IV. 
Bhowins chiriBes of wave length In tiis Drirlit line aean m the CUrmnoBBlww. 




vi right to tlie outer portions where in oui spectroscopes we can 
udy all about tbeoi, and measure ivith considerable accuracy 
eir velocity and their change by tliis new method of taking the 
tn to bits. Here are five patches of light which at first look 
Ltremely strange, but I am certain that a lai^e portion of my 
[dience know exactly what these five points of light mean ; but, 
t the same, a little explauation may be of value. This is the F 
|e of the su;i. Here we have not only indications of general 
(sorption — which means that we nre dealing with dense vapours — 
It we have a wonderful shading off of tlie dark absorption line 

Fig. V. 
Sbovlng changea of wave lengtli In the F. line on the Sun and near Spots. 




iwards the red end of the spectrum ; in other words, the hydrogen 
ipresented here by the F line was travelling rapidly towards the 
gion of long waves, and therefore away from us — in fact, it was 
)ing down, down, down into the spot ; while here we see the 
fdrogen, intensely bright and hot, coming up, and you see that 
lat lies 10 the right of the F line, towards the region of the 
olet — the region of shorter waves — and therefore we know that 
this spot we have hydrogen coming up at the rate of 
imetiiing like 30 miles a second, quite hot, incandescent to 
e last degree ; and a little way off there was a current of 
cooler hydrogen going down, so as to keep up the balance In 
at region of the sun. Now here you have a small spot in which 
ni get an up-rush of healed hydrogen, as is indicated by 
ftt patch of white, and by it lying, moreover, to the right hand 
' the spectrum. But here, instuad of going down, as it did 
ere, what does it do ? Il heats the neighbouring hydrogen, 
ndera the hydrogen in that region not hotter than the sun under- 
ath, but just as hot ; it parts with all its spare heat ; and you 
e that the Fraunhofer line, which we thought such a constant 
ing, has disappeared altogether; and the reason yon get no 
txAon of hydrogen there, either as absorbing or radiating, is 
e hjftirof^en h of exactly the same tempetatviicu.5 the thinf^ \x\ 
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Land that, thcrcrore, it both radiates and absorbs ; and, thw 
"J, ao lar as we were conccmtd, if we knew noiliing c5se, it houU 
juBt as non-existent us it is in those stars whete the s[KCtiani 
r hydrogCD is not visible, altliough we know pretty surely that 
Tdrogen must be there. 

inich, then, for llie oulcome of this Dew metliod of Uldui 

n 10 bits. We have observed the spots; we have obseivea 

Ibe region outside the sun ; we can not only delennine what tl » 

bMKde of, but we can determine what it is hke ; we can observe Ilg 

tnges, and we can measure tlie velocity with which the differeii( 

Tcnls arc moving then; ahiiost as aci^unitely as wc can obsove 

the currents on the earth. 

Now I had a great deal more to say, but I am sorry to say that 
my time is altogether gone; and if you will allow me, I will con- 
clude my discourse by showing you two photographs taken by 
Mr. Brothers, your townsman, at the recent solar eclipse in Sicily, 
I am particularly anxious to show you these pictures which have 
been taken by Mr. Brothers, because they are certainly Uie most 
important contribrtion -vliich we have had for some time with 
reference to our ki ^wi; 1 ,e nf the outer part of the solar envelope, 
as a region isphoiogr.phed in them which lias notbeen photographed 
before, Recollect that at present our knowledge with regard t» ihe 
sun may be slated to be as follows : — We know a little about th« 
spots ; we know a little about the outer rim, that outer bright person 
which is called the photosphere or tight sphere, which I verycoi^ 
introduced to your notice. Underneath that 1 think we know abl^ 
lutely nothing whatever; and the more a man talks to you abcnt 
what is inside the sun, if you will take my advice, the less ywi mS 
believft in him. Also with regard to the outer portions of the 91 
what lies outside, what is the exact meaning of those strange til 
which I showed you, I beg you even in that case not to pla« 1 
much reliance upon very certain sCalements. I do not think itu 
thing is certain either one way or the other; but the maa ol 
science, the man who is anxious for truth can always afford M 
wait ; and I think we can afford to wait in this case ; and I h(^ 
that you won't go away from this hall to-night imagining •*'"' 
either you or anybody else knows all about the sun. We d 
we only know very little about it, and that little ia confiiw 
to a very limited region. We don't know exactly what '"^ 
outside the SLin ; we don't know what is inside ; but if we 
upon the outside of the sun, as we see it genernliy, « 
work gradaaily (it may \>e a wc'tV. ot "jeats, of do. 
of centuries, perhaps) first VooVmg owX^\ie., \Wft ». "wSa 



iod so OB, in the loDg run we shall obiaiu a sure 
ETtain Itnowledge. But tliese photographs or Mr. Broiherij's 
fertaiiily have to be taken into consideration by tliose 
re certain about these matters, either one way or the 
1 may tell you that this outer portion of the sun, which 
.. .« here, is undoubtedly a portion of the gases or vapours 
ilie outside the photosphere, and outside the prominences, 
e too faint to be picked up by this new method of taking 
to bits. Here the light which we lose by our great 
n is so great Ihat it is greater than the special light 
! is emitted by this portion of the sun ; and, therefore, 
mly see it during eclipses, But there is no doubt 
tver about a porlion of what you see there absolutely 
the sun, and I do not suppose that anybody who las 
hidied the sun at all, or has even read anything about the 
d about what has been done with respect to solar matters 
BSe bst 50 years, can doubt the thing for a moment. 
H^ere Mr. Brothers, you see, in these very exquisite 
" raphs, makes the sun altogether bigger, than what we 
Now the question is — a question which I shall 
i«etnpt to decide either one way or the other— does 
belong to the sun, or does it not? About the inner 
there can I3e no douht whatever. About the outer portion, 
however, there is stii! some doubt. But 1 think we may f.iiriy 
be content, after all, not to attempt to settle this thing in too 
0-eat a hurry. We have waited, now, 1 don't know how many 
thousand years, before we knew so much about the corona as we 
learned on a certain day the month before last; and it is not well 
fgr us to hope to settle the enormous field of research in a few 
seconds. But whether we have longer to wait or not, I think you 
win all agree- with me that anything which increases our 
Inowledge of the sun — which increases our knowledge oi 
that luminary which gives us light, which gives us heat, 
nrfiich gives us, we may say, our life ; which is the centre 
of all our force; which is the origin of all our work, either 
by the bottled-up energy of the sun, as represented by coal, or by 
ibe bottled-up energy in our veins is a thing entirely to be desited, 
Rbd I think you must acknowledge (hat, although astronomers have 
been twitted for going in, as it has been s^d, too much for Ihat 
hydrogen in the sun business, still I think that it can do nothing 
worse than ennoble us, and make us lift our minds iVoni our 
workaday matters to hi^h^r things, wlien we atifni|it to solve those 
riddles which the united work of all the mea who have preceded 
' 'jMcea poivaless to dTcct. 



t>r. RoscoE called «pon Mr. Brothers to propose i Vote _. 
thinks 10 Mr. Ix>ckj-er for his learned lecture. Mr. Brothers 
supplied a modest omission of Mr. Lockyer's by mentiooing thai 
that gentleman announced the independent discovery by himseif 
of the red lines of the prominences before the French astronomer 
witom the lecturer had credited with the discovery. To Mr. 
Lockyer we are also indebted for inducing our Government to 
send oui the late eclipse expedition. 

Dr. RoscoE made an interesting statement respecting the 
origin and support of these Science Lectures for the People, and 
mentioned tiiat the considerable deficiency in the funds had been 
generously supplied by Mr. T. J. P. Jodrell. 

Alderman Rumnev proposed that their tlianks should be giveil' 
also to Dr. Roscoe, upon whom had devolved tiie chief part of the 
labour connected with Ihis valuable course of lectures ; and also 
to Mr. JodrelL — Both propositions were heartily received anil 
passed with acclamation. 

Mr. LocKVER, in acknowledging the vole of tlianks, con- 
gratulated the people of Manchester in having such scientific 
gentlemen as Dr. Roscoe and Dr. Stewart in their inidst, and 
added a few appropriate remarks on the duty as- well as the 
pleasure of communicating knowledge. 



HtCT 



/uha HeysvOQi, Printer, ExceWof VJotV*, W'4\w.i!\l.».URoa(l, 








\ 



